DOCOMKNT PBSOHF 



to 190 ,365 



SET 0 31 309 



AOTHOB 
TITIE 



INSTITOTTON 

SPONS AGENCY 

POB DATE 
NOTE 



EDPS PEICE 
DESCPIPTOES 



IDENTIFIEPS 



Bonar, Jobn R.^ Ed.: Hathway* James A., ild. 
Probing the Natural woria. Level III, Teacher's 
Edition: Investigating Variation. Intermediate 
Science Curriculum Study. 

Florida State Univ., Tallahas«5eG- Dept. of Science 
Education, 

National Science Foundation, Washington, D. C; Of fice 
of Education (DREW), Washington, D.C. 
72 . 

11«p.: For related documents, see SE i)31 300-330, ED 
0 35 559-560, ED 0K9 032, and ED 052 9«40, Contains 
^colored and, .shaded draMings and print _wMch_ maj _not _ 
reproduce well. 

WF01/PC05 Plus Postage. 

Grade 9: ♦Human Body: Individualized instruction: 
Instructional Haterialst' Junior High Schools: 
Laboratory |lanu^ls: *Laboratpry Procedures; ^ 
Mathematical Applications: *nea9urement : ♦Science 
Activities; Science Course. iHiproVement Pro ject?; 

Scren"ce~l;duc ^e(5'0TidarT "Education-t ^condiixy- — 

Schbol Science: ♦Statistics' 

♦Intermedi,ate Scienge Curriculum Study . - 



ABSTRACT j ' - ' 

This is the teacher's edition of one of the eight 
units of the intermediate Science Curriculum Study (JSCS) for level 
III students (grade 9). This unit f^ocutees on diversity in human 
populations, measurement, and data collection. Optional excursions 
arte described for students who w5.sh to study a topic in greater 
depth. An introduction describes principles of measurement, 
variation, correlation, prediction, and sampling. Illustrations 
accompany the text. (SA) . 
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An Introduction 

BasicaUy. this unit is aimecf at selected aspects of measurerrfenl and analysis* 
It would have been relatively easy to fall into the trap of presenting a shoi;t 
course in statistics. instead, the items selected are those considprcd useful to 
the ninth-grade student in conducting expenmcntal work m the biological and 
earth sciences. In this respect, the unit could be thought of as furnishing some 
hdpftil skills for the other units in ISCS Level 111- The combming of parent 
traits in genetics, sampling techniques in geology, population studies m envi- 
ronmental science, and prediction procedures in meteorology are but a few 
examples of skills that are closely related. ^ 

The unit is designed to be short and conase. Vocabulary has been kept to 
a minimum. Terms are introduced only when they are thought to serve as a 
convenient and necessary 'inental hook" upon which to hang an important 
Idck'^tlie m^asiifeihJtrtS that art-gathcred -and manipulatedACsAQ©. hurafns. 
It may be hoped that a better undtrstahdmg of human differences wiU develop 
from the studies. . 

MEASUREMENT 

M measurement involves a comparison, usually with a standard scale or an 
accepted norm. In measuring variation in human features, trajts, or behaviors, 
however, part of the task may be in detennining the reference pomts for the . 
oomOarisons. Therefore, a very useful tool in science is the operational dcfini- 
tionNttuch tells how something is measured In opcraUonally definmg, two 
questilins may be ask<|d: (a) How can I teU if 1 have some? and <b) How can 
I teli how much I have? There are times when the first question can be answered 
but the second one cannot. 

Not all measurement in science is caSy. The extremely fast, alow, large, or 
smaU prtSent unique measurement problems. So alsQ do many of the php- 
"^mmean of interest to the behavioral sciences, such as personality charactenstics 
or human traits. These so-called "fuzry" measurements are mtroduced m the 
unit not to produce frustrated or insecure students, but rather to iUustrate some 
of the problems faced by practitioners. Certainly some scienUsts muSt hvc with 
ite **ftu3Eicr" notions than others. ' . ' ^ . 

Numerical measurements in the unit are made iv general using the metric 
system. Students who haveparticipated in Levels 1 and 11 of ISCS should have 
littte difficulty. For others, ahd for those who need a review, an excursion has 
been provided. Remedial and review hclp> also avaUable on averaging and 
loui^ding Off numbers, and on oonstructinTand measurmg angles. 



VARIATION 



All living humans belong to a single biological species. Homo sapiens. Vet 
within this population exist wide" ditlerences in appearance, m location, m 
language— in everything. No species of wild animal shows anything like this 
range of variation. And handling this universal vanation presents many prob- 
lems. - 

There are-really two basic methods of dealing with variation. In the first— 
de*ripiive statistics— one describes the variation present in 6uch terms as range 
and cx-ntral.tendency. Jn the second -predictive statistics- one attempts to use 
the knowleclgc gained from the descriptive aspect, along with the relationship 
of variables, to make predictions. Both of these methods are used in the unit. 

The range identifies the limits of the ^leasuremenls. Operationally dejfincd. 
It IS the largest measure minus the smallest measure. Although the measure- 
ment of range is helpful, it does have its faults. Because it depends only upon 
the two extreme measures, it is some tunes undcpcndable; it can be change 
ct)nsiderably by the addition or omission of a single extreme measure 

Of the several ways of measuring central tendency, only the mode and the 
mean are used in this unit.\=The mode is the most frequent measurement; the 
mean is the arithmetical average. 1 he mode is particularly useful m discussing 
so-called "eilher-or" variation, where the measures usually fall into two distinct 
groups. Although the mpde may also be used for continuously varying meas- 
ures, the mean is suggested as more appropriate for such variation. • 

If a sufficiently large number of measures are made of some continuously 
varying. human feature or trait, and the data plotted on a grid, the resultahl 
smooth curve will m many cases be bell-shaped. This graph is called a normal, 
or Gaussian, distribution curve. In ^he normal distribution, the mean and the 

• mode fall a» the same point. Most of the measures are clustered in the center 
o( the range, giving the curve its characteristic "mountain" shape. 

Just because this symmetrical distribution is called a normal curve should 
nof imply that any measures that are hot so distributed are abnormal. There 
are many cases of continuous variation where the plotting of the measurcS leads 
to curves that are not Qaussian or normal. For instance, in the meteorology 
unit. Winds and Weather, observations are made of the amount of sky that 
is covered by clouds— a feature that" varies -continuously fVonfpiO to 100%. 
' However, there is a strong tendency in nature toward the two ex^eracs. The 

• sky tends tq be vety clear— cloudless— or very cloudy— overcast— with far fewer 
occasions of half-cloudiness. Graphing a series of observations leads to a 
U-stt*pe^ curve, which, though nortnal for nature, is very abnormal in shape. 

/When data are plotted in vertical columns, a type of bar gr^ph called a 
histogram is formed. Histograms help to visualize variation in measurements. 
Patterns of fluctuations are more easily discernible, especially where the meas- 
ures are of discrete numbers. They have' the further advantage of presenting 
the observations themselves, without manipulation on the part of the experi- 
menter, as might be done in drawing a smooth curve or best-fit line. 




In statistics, it is often advantageous to have a mcasurtf of the spread of 
data ait)und the mean. The common method tor doing this is by calcuJaiing 
the standard deviation. Bti;cau.sc Ihis calculihion involves the use of squares 
and square roots of nunibers>a similar, but muchjsimplcr, concept is introduced 
in the unit. This consists of the somewhat arbitrary practice of dividing the 
range into five equal parts, or fifths. In a normal distribution, the most meas- 
urements fall in the middle fifth, or **fifth 3." Fewer tall in **fifth 2 and 4/* 
and still fewer in **fifth I and 5." With the mean (and mode) falhng in the 
middle fifth, a statement telling m which fifth a particular measure is found 
gives its relative position m the range. 

CORRELATION AND PI^IEDICTION 

The display of variation data in tables, graphs/ and histograms, and the calcu- 
lation of means, modes, and firths, are all ways of summarizn^ the evidence 
of a sample. But it is in using these descriptions that the relatior^hips between 
variables become evident. By knowirtg onc^ variable^ then» the other can be 
predicted. 

Graphs, with best-ftt lines, can be useful in predicting when the data repre- 
sent continuous variation. They allow interpolaticJn (making predictions within 
the range of the data) with some degree of Confidence. Extrapolation (predicting 
beyond the limits of the available data) can be done with much less reliabihty. 
Measures of central tendency and scatter can give further clues. 

Predicting with either-or data is usually more difficuU. Contingency tables, 
which give the relationship between two either-or variables, ean be used to 
organize information for prediction. But the probfem of drawing reliable 
inferences concerning a population from a sample really involves probability. 
For example, suppose a tablets made showing the relationship between left- 
or right-handedness and left-' or right-eyedness. It shows that 75 out of 100 
people wjjo are right-eyed are' also right-handed. You still cannot predict with 
^ certainty that 3 of the next 4 right-eyed people who are tested will be right- 
hailded. The number nfight be d, 1, 2^ or aU 4. You can only predict that there 
is a particular probability of this being true. 



SAMPLING 



This topic could hsfve come first in a discussion of variation. Unless consid- 
cratij^is given to the characteristics of the population being samjpled, and to 
the method of sampUng, the most c^u:efully prepared and displayed data can 
. Jead to unreliable inferences. This ^act has caused ponsiderable consternation 
among professional pollsters. 

In general, the only good method of sampling is a random method. It is 
the only wajLthat personal prejudice, choice, bias, or favor can be. excluded. 
A student Who chooses to test only his friends qh some human trait can weight 



the sample in a particular diiettion. A person dclcniuning average ina>mc 
who interviews only those families in an elite neighborhood wjll have a sam- 
ple pattern that is atypical. — ' 
From all that has been saul previously, it is evident that the experimenter 
can never say for ccitatn what the totarpopu'auon merely by sampling it. 
But suitable sampling techniques can help a great deal. One important con- 
sideration (one to which you as a teacher should be especially sensitive) is 
the size of thfc sample. Human vanation is too extensive, and certainly too 
inaccessible, to permit observation of the total population But students arc 
noteworthy fitLtaking to<) small a sample. It is sonicwhat akin to the inebriated 
gentleman who, with his staggering gait, kept running into the lone tree in 
the yard and u>mplaining that he was lost fti a dense forest. 



AN OVERVIEW 

ITie unit begins with a look at some simple ways in which humans vary. The 
jRrsl two arc handpdndss and perception of illusions. In order to focus attention 
on the procedures for measuring traits such as these; the concept of the opera- 
tional definition is stressed. Students are ^Iso introduced to the notion of the 
jioolmg of data in class charts and tables. 

Human features are classified as falling m the categories of cither-or varia- 
tions or continuous variations. As a possible method for handiing the first 
oatcgory, students are introduced to amtingency tables. They sec that a rcla- 
tioTJship between variables becomes evident from such tables. 
' . 1 he histogram is introduced as a means of displaying data, and students 
,see that grouping of data can make a pattern more obvious. The range, mean, 
and mode are ojperationally defined. As a measure of the spread of data around 
the mean, the tojal range is divided into fifths; relative position of an individual ' 
measurement cdn then be stated for comparison purposes. . . 

Further comparison mdividaal hieasurements with those of the gi\pup is 
afforded in additional situations. Some of these measurements could be called 
*Tuzzy"; that is,, the feature or trait can be detected, but it canhot assigned 
a numerical value. * 

^ The unit concludes with a series of problems of a practical nature. Students 
are expected' to apply theiechniques of data-gathering, tabulation, and orga- 
nization that they leamedearlier. On the basisx)f their findings, they arc called 
on Xo make dt^isions for the solutipns of problems. p 



(General information 

Each chapter of the Teacher's Edition contains an equipment list for that 
^ chapter. The same is true for each excursion. In addition, the last page of each 
chapter alerts you to m-eparations necessary for the following chapter. Among 
the materials listed witKt)e some items tjiat must be supplied 'locally. These 
include a clock or watch with second hand for Chapter 1; notebook paper for 



Chapter 2: string, chalk, a glass, a babv-fiH)d jar. or a bcakei, and a clock 
or watch with second hand loi ('haptcr 4. In addilion arc sticks tor nxcursu>n 
4-2 and while paper and paper towels (or trlxcursion 4-3. 

At various points in the unit, students are called upon to pool their data^ 
so that all members of the class have access to them You should give some 
consideration to the method you want to use. Teacher notes on page 5 in 
Chapter I make suggestions that may help. ^ 



GET IT READY NOW FOpf, CHAPTER 1 

Thc illusion cards, 15 of which are furnished in the kit, may be assembled 
ahead of time by you or by capable student-assistants. Instruction's for assembly 
are relatively simple: 

(1) Cut two pieces of masking tape about 44" long. 

(2) Cut the illusion pard on the two solid lines indicated on the card, making 
3 pieces. ■■ ■ "■ ■ — ■ " 

(3) Lay the short arrow card fiat on the table with the arrow side down. 
Ccn^fcr the tape with the adhesive side down on the two strips marked "P^c 
tape here." r 

(4) Lay the long card on top of the shott card, with the arrow side down. 

(5) Fold the two ends of the tape snugly over the long card, overlapping 
the two tdpes and leaving adhesive sides up. 

^6) Lay the other short card on top with the two strips marked "Place tape 
here** downward, and the ends of the two short cards even. 
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Foreword 



A pupil's experiences between the ages of 1 1 and 16 probably shape.hh . ; _ 

ultimate view of science and of the natural worid. During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of science, this is the age at Which most stu- ^ , ; 
dents first gain the abihty to study science in a really organized way. 
^.Hcre, too, the commitment for or against science as an interest or a ^ 
vocation is often made. 

Paradoxically, the, students at this critical age have been the ones 
least affected by the recent effort to produce new science instructional 
materials. Despite a number of commendable efforts to improve the 
situation, the middle years stand today as a cpmparatively weak link in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school science courses. This volume 
and its accompanying materials represent one attempt to provide a 
sound approach to instruction for this relatively uncharted level. 

At the outset the organizers of the ISCS Project decided that it ^ 
would b? shortsighted and unwise to try to fill the gap in middle 

sdhool science education by simply writing another ticxtboofc We chbse * 
instead ' to challenge some of the most firmly established concepts ^ 
about how to teach and just what science material can and should be 

taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, teachers, children, and teaching until- 
Wc have had the chance to test these assumptions in actual classrooms 
with real children. As conflicts have arisen, our policy has been to rely 
more upon what we saw happening in the schools than upon what 
authorities said coiild or would happen. It is; largely because of this 
policy that the JSCS materials represent a substantial departure from 
the norm. ' 

The primary difference between the ISCS program and more con- 
, ventional approaches is the fact that it allows each student to travel v 
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at his own pace, and it permit?; the scope and sequence of nistruction 
.to vary with niteresLs. abihties. and background. The ISCS writers 
have systematically tned to give the student more of a role m decidmg 
what he should study next and how soon he should study it. When the 
materials are used as mtended, the ISCS teacher serves more as a 
"tas|c easer" than a "task master." It is his job to help the student 
answer the que.stions that ari.se from his own^tudy rather than to try 
to anticipate and package what the student needs to know. 

There is nothing radically new in the ISCS approach to instruction. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to- personalize education. ISCS has tried to do something more 
than pay lip service to this goal. ISCS' major contribution has been to 
design a system whereby an average teacher, operaUng under .normal, 
constraints, in an ordinary classroom with ordihary children, can in- 
deed give m^imum attention to each student's progress. . . 
• The development of the ISCS material has been a group effort from 
the outset. U began in 1962, when outstanding educators met to decide, 
what might be done to improve middle-grade science teaching- ^Thc 
recommendations of these conferences were converted into a tentative 
plari for a set of instructional materials by a small group of Flonda 
State University faculty members. Small-scale writing sessions con- 
ducted on the Florida State campus during 1964 and 1965 resulted in 
pilot curriculum materials that were tested m selected Florida schools 
during the 1965-66 school year. All this preliminary work was sup- 
ported by funds generously provided by The- Florida State University. 
' In June of 1966, financial support was provided by the United Stales 
Office of Education, and the preliminary effort >vas formalized into 
the ISCS Project. Later, the National Science Foundation made sev- 
eral additional grants in support of the ISCS effort 

The first draft of ,these materials was produced in I%8, during a 
summer writing conference. The conferees were scientists, science 
educators, and junior high school teachers drawn from all over ,the 
United States. The original materials have heen revised three times 
prior to their publication in this volume. More than 150 writers have 
contributed to the materials, and more than 180,000 chUdren, in 46 
' states, have been involved in their field testing. 

We sincerely hope that the teachers and students who will use this 
material will find HhAt the great amount of time, money, and effort 
that has gone into its development t)ias been worthwhile. 

Tallahal^e, Florida The Directors 

February 1972 intermediate science curriculum study 
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Notes to the Student 



The word science means a lot of things. All of the meanings are **rightj" 
but none are complete. Science is. many things and is hard to de- 
scribe in a few words. 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to shdw you these things instead of 
describing them with words. The book describes a series of things fot 
you to do and think about. We hope that what you do will help you 
learn a good deal about nature and that you will get a feel for how 
scientists tackle problems. 

How is this book different from other textt>ooks? 

This book is probably not like your other textbooks/ To ;nakc any 
sense out of it, you must work with objects and substances. You should 
do the things described, think about them, and then answer any ques- 
tions asked. Be sure you answer each question as you come ta it. 

The questions in the book are very important.. They are pked for 
three reasons: 

1. To help you tg think through what you see^d do. 
/ 2. ' To let you know whether or not you understand what you've done. 

3. To" give you a record of what you have <ione so that you can 

use it for review. 

*» ' . ' " 

* *'. .. 

How will yoiir class be organized? • ^ 

' - ' - 

Your science dass will probably be quite different from your other 
classes. This book will let you start work with less help than usual 
frwn your teacher. You should, begin each day's work where you left 
off the day before. Any equipment and supplies needed will be Wait- 
vili . ingforyou- 
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Vbur teacher will not read to you or tcjyi'you the things tJjat you are 
to learn. Instead, , he will help you and your classmates uidividually. 

Tiy to work ahead on your own. If you have trouble, first try to 
solve the problem for yourself. Don-t ask your teacher for help until 
yoAi really need it. Do not expect him to give you .the answers to the 
questions in tfie book. Your teacher will try to help you find where 
and how you went wrong, but he will not do your work for 70U. . 

Aft«r a few days, some of your classmates will be ahead of you and 
others wUl not be as far along. This is the way the course is supposed 
- to work. Ilemember, though, that there will be no prizes for finishmg 
first- Work at w^tever speed is best for you. Bui be sure you under- 
stand what you have done before moving on. ^ 

Excursion^ are mentioned at several places. These special activities 
arc Qjund at the back of the book. You may stop and do any excursion 
that looks interesting or any that you feel will help you. (Some ex- 
cursions will help you d(^ Some of the activities in this book.) Some- 
t^nes, your teacher may ask you to do an excursion. 

What •n\ I •xpected to learn? 

During the year, you will work very much as a scientist does. You 
should Icara a lot of worthwhile information. More important, we 
hope that you will learn how to ask and answer questions about- 
nature. Keep in mind that learning Mow ^to find answers to questions is \ 
imt as valuable as learning the answers themselves. 

Keep the bie picture in mind, too.. Ejteh'^cha'pter builds on ideas 
already dealt with. These ideas add up to some .of the simple but 
powerful concepts that are so important in science. If you are given a 
Student Record Book, do aU your writing in it. Do not write in this 
bbok. Use your Record Book for making^raphs,- tables, and diagrams, 

too. . . , 

From time to time you may notice that your classmates have not 
" always given the same answers that you did. This is no cause for 
wony. There are many right answers to some of the questions.' And 
in some cases you may not be able to answer the questions. As ^a 
matter of fact, no one knows the answers to some of them. This may- 
seem disappointing to you at firsu but you wiU soon realize that there 
is much that science does not know. In 'this' course, you will learn 
some of the things we don't know as weU as what is known. Good luclj! 
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fcOUlPMtNT l.lSl 

, Per student- teafTi Per class 

1 Illusion card 
1 metric ruler 



Watch or tirnor with second hand 
Masking tape 



The Road Ahead 



CHAPTER EMPHASIS 

Students study how humans vary, and ways 
of measuring this hurna'n variation. 



Chapter 1 



Excursion 1-1 is keyed to this chapter .- 



Some people have big ears. Some have big noses> Some have 
dark skin; ^ome, hght. Most are honest; a few are not. Some 
are friendly; some, unfriendly. Many must wear glasses; 
others do not. About«the only common characteristic of peo- 
ple is their lack of sameness— they are all dillerent. . 

Variation is common throughout nature, fhe weather 
changes almost constantly, the position and appearance of 
the moon vary, and not all parts of the earth look the same. 

□1-1. List any things you can think of that^^Jp NOT vary. 

Variation presents many problems for science. The greater 
the variation, the great^^ the problem. In order to make sense 
out of almost any study, a scientist niust have some means 
of handling the variation he finds. 




The investigations in this book will help you understand 
variation better. Most of the investigations will be done on 
human beings. Obviously, humans vary; we already know 
that. But the big questions are "How do humans vary?" and 
"How do we measure human variation?" 

■2i 



MAJOR POINTS 

1. Variation is cpmmon throughout nature 
2 Setting up and doing experiments involving 
humans is harder than working with inanimate 
things. 

3. Much of science is concerned with seeking 
patterns in changes that occur. 

4. A person's handedness can be meastjred 

5 Describing how to measure a feature or a 
trait IS called operationally defining 

6 An operational definition of a charactertstic 
tells (a) how you can tell il you have some and 
<b) how much you" have 

7. Sometimes it is only possible to tell if you 
have some of the characteristic 
8 It IS possible to measure how much some- 
one IS tooled by an illusion. 



1-1 . From a scientific view, this is not an easy 
question. Student answers could lead to some 
good small-group discussion early m the unit. 
There are relatively few things that dp not 
vary One. tor example, is the speed of ligHt 
in a vacuum, according to Einstein. A1so.-«W)st 
units of measurement are mvanable. 
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7 his might be an' opportune time to point out 
to students ttiat one of the ways humans vary 
IS in the speed with which tt^ey comjilete a 
given task in a number of cases m Vus umV 
cla^room data will have to be collected 
Those who finish ^ti activity first may have to 
wait for the others before they can complete 
a table or chart This variation. is a good thing. 
It a4lows each persoj^ to travel at an individual 
pace best suited for him or her The- faster 
student can gd on to other activities, and picK 
up the class data later 



/ 



Ihcse are not casv questions u> answei. In fact, some of 
the most dinU-ult of all measurements m science have to do 
with human variation. Jf vou have Hten in the ISCS course 
before, many of the techniques you used foi studying energy 
and matter will ap}>ly here also. But you'll come face to face 
with some quite different problems too! You will soon dis- 
cover that setting up and doing experiments involving hu- 
mans IS much harder than working with chemicals or force 
measurers. Scientists are still trying to invent better "rulers" 
for measuring humans. >\ 

In the following chapters, you will be studying Afferent 
human charactenstics. It will be up to you to try tf make 
sense Out of the measurements you take and to relate one 
.set of measurements to another. 

You should ask yourself continually "'Is there anv pattern 
in what 1 have observed; und, if so, what is it?" Scientists 
continually search for patterns in what they study. "Is there 
a pattern to, the weather changes, to the movements of ob- 
jects through ^ce, and to the^growth of living organisms?" 
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Much of the real work of science is in this activity of 
seeking out patterns. Some of that work will involve mathe- 
matics. In fact, mathematics has sometimes been called the 
"language of science." 



LEFTY OR RIGHTY? 

2 CHAPTER 1 



Most people are either right- or left-handed. But you proba- 
bly know someone who can use both hands quite well. You 
may know others who use a different hand for different 




things. Perhaps they write wrth one hand and throw a ball 
or cat with the other. You can't very well Call such people 
cither right- or left-handed, ^an you? l.et^s begin siudynig 
human variation by looking closely at 'liandedncss/' 

Let's see if We can find a g^od way of deciding about a, 
person's handedness. The best way to do this is to find a 
way to measure handedness. The next acitvity will show ydu 
a way to do this. 

Open your Record Book to page 1, where you will find 
a page full of zeros. Then find a partner. You will also need 
a clock or a watch with a second hand* 



Many students may bo familiar with the woi'd 
Hmbtdextrous. meanmg the ahihty To use both 
hands equally well It is not essential to mtro- 
dtjoe It here, however As students wiH find 

,out. few people are exclusively right-handed 
or lett-handed. but few are also coppl^^tely 

• ambidextrous. 



ACTIVITY Have your partner cross out as many of the 
leros as he can in 30 seconds, using his right hand. Then 
have him repeat, using his left hand. 1n Table 1-1 of your 
Record Book, record the number of zeros crossed out with 
each hand. Then have him time you while you cross out zeros 
with each hand. 



To control a possible variable, students 
should cross out the zeros with an X» and not 
just with a slash (/). In order to compare ^iata 
In a class chart, it is impqrtarvt that all follow 
the sarne procedure. 




Tabto.1-1 





Number of Zeros Crossed Out 


Handedness 


Partner 


Right 




Left. ? 


Self 


Right / 
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STtident*j should have no trouble with trie sim- 
ple division ifwoived However, you may want 
to tiave them round their answers to the neai- 
«st tenth if) the interest ot umtorrntly for Table 
1 ? For example, suppose the scores weie 21 
crossed out witt^ the right hand aruJ 1 7 
zeros with the left hand 27 divided by 17 is 
1 58. wtHCh rounds out to the nearest tenth 
as 1 6 Rigtit 




By comparing the number ol zcios crossed out wi^i ca\^t 
hand, you cah-decide whether you are rijehti or left-handed. 
But you can do bettei than that! You van get a -fair measure 
of how much handedness you have. All you have to do is 
divide the larger number of zeros that you crossed out by 
the smaller number. Let's assume that you crossed out 30 
zeros with your left hand and 20 zeros with your nght hand. 

First divide the larger number (30) by the smaller number 
(20). 

^ 1.5 Lett 



20)30.00 

100 
100 
0 



Then write either "Left" or "Right" after youf answer. Which 
word you write depends upon which hand crossed out more 
zeros. 

In the example, the left hand crossed out more zeros (30 to 
20), so the word "Left" appears after the answer, 1.5. The 
number and word (1.5 Left in the example) is your handedness 
and should be entered in Table 1-1. Your partner's handedness 
should go there too. <» 

The larger the number from your handedness calculation, 
the more strongly han3e3~ you are. For example, if your 
handedness calculation is "5 Right," you are five times as good 
with your right hand as with your left. A "2,5 Left" handedness 
calculation would.mean that you are two and one half time? as 
good with your left hand as with your right. . 

□1-2. Suppose som^ne had a handedness iQeasure of \. 
What would this mfean? 



□1-3. Why is there no "Left' 
1 in question 1-2? 



or "Right" written after the 
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Well, you now have a measure of your handedness. You 
can begin collecting information about the handedness of 
your other classmates. Record the data from nine other teams 
in Table 1-2 of your Record Book. 



Ta>l« 1-2 





Name 


Handedness 
Measure 


Self 




Partner 




■ 1. 




2. 


• 


3. 




4. 




5. 








7. 


• 


8. 




9. 




10. 




11. 




12. 




15. 




14. 




15. 




16. 




17. 




18. 


• 
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Cotlectioi> of class data Occurs for thto first 
^m* here:^ If you havo not already done so. 
you may want to take a few minutes to discuss 
a workable system. Th^ following points 
should be Emphasized. 

1, Those Who finish the activity before otbers 
have their data should go on to the ensuiq^ 
work. Howdiver^ they should bo sure to come 
back to record the plass data later in their 
Record BookS; 

2, Some teachers find it advantageous to use 
sheets on the bulletin board or ^aces on the 
chaHdx)ard. properly labeled, where data from 
the students in the different classes can be 
entered for the various activities. 

3, Soqie teachers prefer to keep the tables or 
class charjs In file folders somewhere In the 
room. In either case, students should have 
ready access to them. 

^ In order for the data to l>e worth anything, 
mjdents should t>e constrained to enter their 
findings accurieitely.- without alterations. Stu- - 
dents sometimes have a tendency to change 
their figures if they are not in agreement with 
a minority of their peers. ^ ' - 
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txp^Jnenv-o Mas shown that this key technique 
in science, the operational definition, js at the 
same time one ot the most difficult concepts 
for the student You may have to s^)end some 
time in small-group discussion to fielp with 
XM idea 





It might^e interesting to (lote that a functional 
definition (a hammer 13 something that drives 
nails) can sometimes help ^in leading to an 
operationaT definition. For instant?fe, a force is 
sofnethmgrthat changes the motion of a body 
(functional definition) Measuring the change 
in motion can give an operational definition 
ot ihe force. / 



Thts fiisi iicnviiv has shown vdii how \o describe one 
human characieiisiic seicniil^cally; liie trick is to fincf some 
wav of nurasurin^, many Qihcr Icaliircs'or traits The word 
liiindcdness probably took on a new meaning for you when 
you learned the c!Ossin^!-out-/eroej> test. You now Have a 
numerical way ol comparing your handedness with som.eonc 
else*s. 

If you have worked in the ISCS course before^, you know 
the name given to this way of defining things by describing 
how to measure them. It's called opcrauonallv defining. Many 
ternts are not clear unless they are operationally defined. 

Suppose ym\ were asked what body temperature You 
might say: "Plaee a ihernjcmieier under your tongue. Wait 
about five mn^utes. Remove the thermometer and read the 
number at the top of the column of mercury.*' This is an 
operpiional definiiion. Ii lells hoH' body temperature can he 
measured 7 his is quite different from saying that lempera^^ 
ture is **how hot something is/* 

Some words can be detirled by telling what an object does 
(a hammer is something that drives nails). ^Describing their 
appearance works lor otl]ers (a tree is something with leaves, 
a trunk, etc.). But many words, particularly in science, just 
can*t be handled this way. When you come across one of 
|hese words, try making an operational definition for it. The 
meaning willjoften become suddenly clear. 
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□1^. What makes a statement an operational definition? 
□1-5. Write an operational definition of handedness. 

. To make an operational definition, there arc really two 
questions that you might ask . 

1. How can 1 iell when I have some? 
^ 'Hmt can I tell how much I have? 

Sometimes it is possible to answer the' first question but 
not the second. .When this happens, you have to settle for 
describing how to teU when you have some ot the charac- 
teristics in question. 



1-4. An oporatlonni definition tells how ♦.ohm*- 
thing la measured. 

The two questions he;e are the key to making 
an operational definition. Tljey might* be 
thought ot as (1) detection and (2) measure- 
ment SometinrvBS the second requires sophis- 
ticated techniques or complicated apparatus 
Fof Instance, measuring the change in motion 
of a fapldly moving object may be quit© diffi- 
cult 



Now take a look at Figure 1-1 and notice the three boys. 
Your problem is to decide just by looking, at the picture 
which boy lopks tallest and which looks, shortest. 



NOW YOU SEE IT, 
NOW YOU DON'T 




Figuni 1-1 

1-6, Boy A should look the tallest and Boy C 

the shortest, because of perspective. When ^ 
measurements are made, however. A and C • • 
ai« the same size, and B is smallest 

□1-6. Which boy in the figure (A, B, or C) looks taUcst ^nd 
which .looks shprtest to you? 



CHAPTER 1 7. 
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EKCiif?ion 1-1 18 remedial-review, esjwoially 
for those who have not enqaged in Level I or 
ti of ISCS. or who have Joigonen the metric 
Cystem. 



Now check your answers to question 1-6 by measuring 
with a ruler each boy's height in centimeters. 

Throughout this unit, most measurements are to be made, 
in the metric system. H you need to review the metric system, 
I ^V§i 1 1 -ZC^ ''t^ ^ ^ see Excursion 1-1, "Measuring^ Mostly in Metric." 
I ^\ . im. A p ^^^^ ^^^^ . J 2 yry to decide just by looking, 

whether line AB or line BC is longer. 1 hen check your answer 
- - - - - - <by measuring the^ twa lines. 




Figur* 1-^ 



□1-7. Which looks shorter: line AB or line BC? 

You've probably seen optical illusions like Figures 1-1 and 
1-2 before. The way the figures are d/awn makes it very hard 
for most people to judge lengths accurately. The artist's trick 
is to surround the important part of the drawing with lines 
that distract your attention- Compare the lines AB and BC 
in Figure 1-3 with those in Figure 1-2. You can see that the 
background lines make a great difference. 




Rgurp 1-3 
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Suppose you Vftrc asked to describe by how much you 
had misjlidged the* lengths of the lines? Or suppose yqu 
wanted to find out whether your classmates misjudged the 
distances by the same amount you did? How would you do 
it? ^ - 
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One device used to measure how much an illusion fools 
people is called an illusion card. Figure 1-4 shows what the 
illusion card thai you will use looks like. As soon as you 
get a partner and pick up an illusion card, you arc ready 
to measure how much illusions tool people. 



MEASURING ILLUSIONS 



The 15 illusion cards must t>e assembled with 
reasonaDIe care If this has not already been 
done, instructions are given on each card and 
in mo Introduction for this unit. 




Figure 1-4 



ACTIVITY 1-2. TVy sliding the two part* of the illusion card 
in and out. Notice that this shortens and lengthens one of 
the lines on the card. 



In 



\i — »> 
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ACTIVITY 1-3. Adiust the card until the two lines looli the 
same length to you. Then measure to find out If the lines really 
are the same length. 



□lV Were the lines exactly the same length after you ad- 
justed the card? - 

p1^. If not, by" how many millimeters did you misjudge? 
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As you have now seen, the illusion card gives you whaj 
you were looking lor— a way of measuring how much some- 
one is fooled by an optical illusion. Now use the card to 
test your partner. Follow the suggestions m Aclivities 1-4 
through 1-6- 

ACTIVITY 1-4. S, the subject should stand at least two meters 
in front of E, the experimenter. Let E hold the card so that 
he can see the scale on the tiack. 




ACTIVITY 1-5, E should make the movable line as short as 
possible. Thert gradually l;ie sl!|ould lengthen the line. Have 
8 say '*Stop'* when the two lines seem to be the same length. 



Slide the 
movable line 
to-the shortest 
position. 



Note-that the number of millimeters either too 
long or too short is to be recordet^. To save 
space, the measurements could beYecordeci 
as "21 S" for 21 millimeters too short and -as 
"7 L" for 7 tnillimeters too long, as exanaples 



ACTIVITY 1-6. E should read thd scale on the back of the 
card as shown.. Record, beside Partner In the Going-out col- 
umn of Table 1-3 in your Retord Boole, how many millimeter* 
too long or too short your partner's guess was. 



Sample reading: 
3.7 cm 
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TOO SHORT 



2 3 4cm 
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Table 1-3 



Subject 


Gomp-out Reading 


(Joing-in Reading 


Partner 






Self 






1. 






2. 


>. 




3. 






4. 






" 5. 






6. 






► 7. 




1 — ' 


8. 






9. 






10. 






11. 


^ J_ 




12. 






13. 






14. 






15. 






16. 






17. , 






1». 
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A rather interesting phenomenon occurs in 
using the illusion card It might be called an 
•'illusion within an illusion. ' The tendency 
generaMy is for the Gomg-out readings to be 
"too short ' more often than the Going-in 
readings. You might want to pose the question 
of why this is so for small-group discussion 
One possible explanation is that subjects 
.mentally compare the shortest possible length 
with their observation going out. and the 
longest possible length with their observation 
going in. The observation seems longer when 
compared with the shortest length than it 
does when compared with the longest length 
Those students capable of and interested in 
pursuing further the whole problem of \oo 
short** and "too long ^ readings could cer- 
tainly be aUowed to do so. 
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I ACJ^VITY 1-7. Make the movable line as long as possible and 
) show It to your partner. Then gradually shorten the line. Again 

have your partner say •'Std>>" when the two lines look to hln* 

to be the same lehgtlu 





Slide the 
movable line 
to the longest 
position. 



1-10. A larger number should be rights 
handed. 

1-11. Irrflnding the averages, students should 
be sur*" to add the left-handed scores to- 
gether and divide by that» number of scores, 
and do likewise (or the right-handed scores. 

Students who cannot average numbers 
should be directed to Excursion 2-1, which Is 
keyed In Chapter 2. > ^. 
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Read the scale as before and record your reading in the 
Going-in column of Table 1-3. Then repeat the experiment, 
\yith your partner holding the card and you doing the guess- 
ing. Record your data beside Self in Table 1-3. 

To complete Table 1-3, you will need Going-in and 
Going-out readings on 18 of your classmates. If enough 
classmates have made their measurements, you can get those 
now. If not, get as many readings as you can and go on to 
the next chapter. You can complete the table later when 
more data are available.' 

As you learned earlier, this unit is aimed at helping you 
learn how to describe and compare people's features by using 
measurements. In this chapter you've learned a way of 
measuring two rather unusual features-^handedness and 
judgment of optical illusions. ^ 

In the next chapter you will study other varia^ons among 
people. You will also begin trying to compare some of the 
measurements you makcj^and you will try^o interpret what 
the measurements tell you. As a preparation for that chapter, 
try to use the informaticjn you have put into Table 1-2 and 
Table 1-3 to answer thesie questions. 

* QI-IO. Arc more people in Table 1-2 ^eft-handed, or right- , 
Jianded? 

V □ 1-11. What is the average degree of left-handedness? of v 
ri^t-handednes$? 
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□ I-I2J What is the average Going-out reading shown in 
Tabic 1-3? 

□ 1*13. What is the average Going-in, readuig shown in 
Table 1-3? 

BmtoTB going on» do Seif-Evaiuatlon 1 in your Record Book. 




Conceivably students could arrive at this point 
and not be able to answer the four questions 
t>ecause the class data are not yet avattable 
They shbuld go on. returning to this chaf)ter 
when the data are available from the other 
students. 

■> 

1-12 and 1-13 The averaging of the Going- - 
out and the Gomg-in readings can be compli- 
cated. Mathematically, "too-short ' and ''too 
long*' cannot just be averaged numerically as 
If they were both the same thing. For instance, 
suppose there were two readings to average: 
15L and 15S. The average of these two would 
not be 15. but rather 0, 
The correct way of averaging the Going-out 
readings (and the Qolng-in readings) would 
t>e to add all the L (too long) reading^ to- 
gether and also add all the S (too short) read- 
ings together in each column separately. 
Subtract the smaller total from ttie larger total 
Divide the difference by the number of read- 
ings (20). The average would be this result, 
with eitheV an L or an S. whichever is the 
larger total. 

Students may have to struggle a little with this. 
The problem Is quite similar to finding an 
4iverage of positive and negative numbers. 
You must find the difference between the 
separate sums first. 

GET IT READY NOW. FOR CHARTER 2 

You may want to prepare the meterstlcks with 
a piece of tape at the 20-cm maVk as shown 
in Activity 2-3. 
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Tallies and Tables 



CHAPTER EMPHASIS 

Wtys of organizing variation data are studied, 
and the difference between either-or varia- 
tiona and eonllnuous variations «s examined. 

There are hundreds of human features, characteristics^ and 
traits that have been described. You have looked at a couple 
so far. In this chapter you will encounter some others to give 
you a better feel for how to investigate human traits and 
how tQ, handle the data you collect. Let's look first at the 
feature called "eyedness/* 




1 . It is possible lo test a subject for eyedi^ess 
and grabbtness. 

2. Reaction time may vary depen(Jtng on 
whettier ttie stimulus is by sight, sound, or 
touch. 

3. When the^e are only two possible varieties 
of a rtBhian feature, it is called an either-or 
variation. 

Chapter 2 

4. When a feature varies widely through many 
different values. It is called a continuous 
vartation. 

5. Data may be organized in ways that will aid 
in analyzing them. 

6. V\^hen data on two or more variables are 
collected in a single table, the table is called 
a multlvariable table, a contingency table, or 
a correlation table. n 

7. Contlngericy tabies are very useful in 
showing the interrelationship of variabtto. 

Students sftould t>e sure to start looking with 
txith eyes open, and then close one eye at a 
time without moving the paper. If they start 
with only one eye open, it is possible to force 
th£t eye to t>e dominant, even though it nor- 
mally wouldn't t>e. 
/ 



ACTIVITY 2-1. Fold a sheet of notebook paper and remove 
a tmall semicircle from the center* 




ACTIVITY 2-2. Unfold the paper and hold It at arm's lengths 
With botft^yds open, look through the hole at some jdistant 
object/ Now without moving your head or ^yes, observe the 
oiject with your leftsOye only* Again without moving head or 
' eyee, took with your right eye only. Be sure not to move the 
papw. 



J If in-iifrhiliiir 
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Students may want to com a term, equivalent 
to ambidextrous, to describe someone who is 
equal-eyed. 



If you could sec the objcci through the hole in the paper 
with your rij^^ht eve closed, you arc left eyed. If you were 
able to see it with your right eye open and left eye closed, 
you are nght-eycd, 

□ 2-1. Aie you righl-eyed, or left-eyed? 

Test a lew of your chissinates to find out if they are left- 
oi nghi-cyed. liach tinic you tind a left-eyed person, put a 
check mark (/) in the Icft-eycd tally line of Table 2-1 in 
your Record Book. Check the right-eyed tally line whenever 
you find a right cyed person. 



Table 2-1 



Problem Break 2-1 is the first of the unit. Note 
that it calls tor you to check the plan before 
students proceed. You probably will want to 
use some system, such as your initials in the 
Record Book, to indicate that you have 
checked it. Normally, eyedness is considered 
to be an either-or feature This means that a 
person is either right-eyed or left-eyed, and 
the amount of either may be unmeasurable. 
However. the students should be allowed to 
grapple with the problem for a while Some 
may surprise you with a plan that could be 
used. For instance, when both eyes are open, 
a person that is right-eyed can see something 
through the hole with the left eye also, but not 
as intensely. If some way could be devised to 
measure the relative intensity of the images 
from the two eyes, it would be a possible 
measure of the amount of right- or left-eyed- 
hess But even if students come up with no 
workable plan, that doesn't make the problem 
break useless. Science is loaded with "prob- 
lem breaks * to which no solution has been 
found. 
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Uvedness 


Talhcs (checks) 


Ibtals 


Right 






Left 







From time to time in this unit, you will be asked to do 
problem breaks. These are problems for you to solve, without 
much help from your book or your teacher. The problenis 
will uspally help you understand what you are studying in 
the chapter. But that's not their major purpose. They are 
designed to give you practice m problem solving and in 
setting up your own experiments. You should try every prob- 
lem break— even the tough ones. And in most cases, you 
should have your teacher approve your plan before trying 
it. The first problem break in this unit is coming up next. 

PROBLEM BREAK 2-1 

When you studied the "handedness" trait, you found a way. 
of measuring how much left-handedness or right-handedness 
a person has. Now. suggest a way to measure the amount of 
right- or left-eyedrtess. Check your plan with your teacher. 
Then, if it is okay, try it out. Record your data and observations 
in the space provided in your Record Bopk. ^ , 
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How quickly can you react? That's an awfully important 
question in some situations. How quickly the brake is pushed 
by a driver often determines whether an accident will hap- 
pen. The difference between a strike and a home run is a 
matter of quick reactions and quick responses. So are a lot 
of other things. 

In the next activity you will try to operationally define your 
reaction time. After that, you will measure your partner's 
reaction time. You will do this with what we call the "Grab- 
bincss Test." To make the test, you will need a partner, a 
meterstick, and a small piece of tape 

^ Tapo 



0 cm 



HOW GRABBY ARE YOU? 




20 cm 



ACTIVITY 2-3. PInco a piece of tape at the 20-cm mark on 
the meterstick. 



In a moment you will have your partner hold a meterstick 
as shown in Figure 2-1. He will release it, and you will try to 
catch it before it hits Ithe floor. 

Activity 2-4 shows you how to prepare to catch the meter- 
stick. You will use the same technique each time ' it is 
dropped. 



Figure 2 



ACTIVITY 2-4. Your flnger and thumb should be pbsttloned 
at the tape strip around the stick as shown. Finger and thumb 
should l>e far enough away from the stick to allow a pencil 
to pass on either side of the stick. This should be the starting 
position for each trial. 

Forefinger 

Meterstick 





The positioning of the finger and thumb at a 
set distance from the stick should be recog- 
riijwd as an attempt to control a variable in 
an experiment. 



Thumb 
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Hold the stick 

at the 100 emend. 




ACTIVITY 2-5. Have your partner hold the meterstick a« 
shown. He should then drop the stick with no warning. When 
he does, catch the stick withoi^ moving your arm. Practic© 
this a few times, until you gel^a feel for how( It Is done. 



Place your, 
fingers at 
the 20-cm mark, 
ready to catch 
the ^icK. 



Some students may not be able to catch the 
stick at all on at least some of the trialtj. They 
may then wonder how to measure such cases. 
Give them a chance to suggest an answer. 
Possibly they should be counted as •'lOO," 
which IS the highest meterstick reading If the 
noise resulting from the meterstick hitting the 
floor IS objectionable, have them place on the 
floor a book that the stick can hit. 



ACTIVITY 2-6. When you are ready to make your measure- 
ments, have your partner drop the stick one ipore time. Thto 
time, notice where your thumb Is atter you catch It 




□2-2. Which number on the stick did your thumb cover? 
(If two numbers were covered, record the smaller of the two.) 

Repeat Activities 2-5 apd 2-6 five more times. Record all 
six of your measurements in Table 2-2 in your Record Book. 
Complete the Self row of the table by finding the average 
of your measurements. If you aren't sure bow to find an 
I 2t^. W L'' ^ average, turn to Excursion 2-1 for help. 



Excursion 2-1. for remedial-review<-may have 
been done by the student at the end of Chap* 
ter 1. 
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Tat>l« 2-2 





Trial I 


Trial 2 


.Trial 3 


Iiial 4 


Tnal 5 


Tnal 6 


Average 


Self 
















Partner 

















ChfLnge places with your partner and repeat Activities 2-4 
through 2-6. Again record data for your partner in Table 2-2 
in your Record Book. 

Place a mark for your average grabbiness measurement 
in the appropriate Tally row of Table 2-3. Then do the same 
for your partner's |iverage grabbiness measurement. 



TBble2-3 



Average Gr&bbincss 
A Measures 


Tally 


Totals 


25-34 






35-44 






45-54 




• 

f^- — 


55-64 






65-74 






— ■■ ■« 

75-84 






85-94 






95— 







Your next problem is to find the average grabbiness meas- 
ure for at least ten more people- You can test some of your 
classmates during class or share their data. You may also 
ask your teacher if yoii can take a meterstick home one night* 



Note that the numbers that ar« oritered here, 
and tattled \\\ Table 2 3. are thu actual num- 
borB covered by the finger or thumb wh^n the 
stick is caught In other words, the distance 
that the slick had dropped from the 20-cm 
poml to the catching potfil is no( used Stu- 
dents may complain that the figures do not 
represent the true reaction lime, and you 
might point out that as long as everyone r«*- 
cords the numt>ers the same way (from the 
<pnd of the stick), gomparabte jneasurements* 
are given. 



Notice the option given the st<^dents to tost 
their classmates or sh^re their data. Yqu may 
want to use your data-collection system tS 
facilitate the sharing. Note also that you have 
a decision to make relative to letting equip- 
ment (metersticks) leave the classroom over- . 
night. 



I 
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IS IT EITHER-OR7 

If sStidents have difficulty in designing the 
experiment in Problem BfeAk 2-2. you ofay 
hdve to suggest some possil^Illtles.. such as a 
tap on the shoulder for touch, or a snap of. 
the lingers for sound'. Bo sure stu^^nt8. keep 
everything i^lse c«)n8tant - . . 



2-4 Because tfiere j5an be all degrees of 
grabbines6 (reiftction^tlme), there must be the 
opp^unlty to Jihow a wl^e variation In the 
rpeasurement of the amoUpt of It. Eyodness 
is generally either right ft left. s6 only thdse 
two need be provided for. Another qutotfon 
that -might be asked Is "Do there ha^^e to be 
eldht rows for the gmbblness?" TRb art^r 
is No. The choice, of eight Is arbitrary. The 
tallie^couW have been grouped intd^ smaller 
number, or thei'e could have been.^lghty; with 
a row for each cm irom the 2(M5m tap© to the 
^ 5f the meterstick.. ' 
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You can then measure ihc gi abbincss of friends oi members 
of your family. When you have made your measures and 
calculated the averages, put marks in the l ally rows of Table 
2-3. You should end up with at least 1 2 tallies including yours 
ahd your partner's. Get even more measures if you have 

^jl^^; Tttis table ot grabbmess will he used in Chap- 

ter 3 A nujch better use can be made if there 
aVe more than 12 measures available, 

PROBLEM BREAK 2-2 , 

Thus far m this chapter, you have beea deahng largely 
with the j^ense sight. You grabbed the mcterstick when 
you saw 4 dr9p. 1 he distance the sticJc passed through your 
hand IS actually an indication of elapsed time. Design and 
carry out an experiment to answef the following question: \ 
Do you read faster (or slower) to % sudden sound or ' touch 
than you do to a visual {sighty stimulus? HINT: Be sure that 
the subject has his eyes closed during , the sound-touch experi- 
ment. ' . 

Do not spend more than one class period investigaUng 
either the sound or the touch (tactile) sense. Record your 
experiments, findings, and conclusions in your Record Book. 



Take a look at the way Tables 2-1 an(J-2-3 are set up. Al- 
vthough the two tables are similar, there is one big difference. ' 

. Can you ^ee what it is? '\ ■ 

* ' < ■ ■ '• 

■ ^ - . . ■* 

02-3. What is the major difference between the way Tabic 
2-1 is >et up and the way Table 2-3 is set up? 

Question 2-3 shouldn't have been too tough. The big 
difference between the tables is in the number of rows. There 
are eight jows 'i» the grabbiness lable and only two tov/& 
in the eyeSSicss table 

□2-4. y/hy was It pecessary to Wave eight rows on the grub- 
biness tabl^ and only two rows on thq.eye<incss table? 

□'2-5. Suppose you made a table «for keeping U-ack of how 
many b^s and girls were in a class- How.ma^x/ows would 
you need? 1 " ' • . ^ . . ~* 

□2^. Suppose yqu wanted to iceep track of peoples* heights. 
. How- many r^s. might yoo nee^ in a table . for thifii? 
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The last three questions dcaJ with an imponant point. 
There are only two possible varieties of some human fea- 
tures, such as sex and eyedncss. But others, like height or 
weight, vary much more widely. 1 he features that come in 
only two varieties are called either-or variations. I hose that 
vary more widely are 'called continuous variations. • • 

□2-7- Turn back to Table 1-3 in Chapter 1, Do the data 
in that table suggest that being fooled by optical illusions 
is an either-or feature? 

[32-8. Do the data in Tabid \-2 of Chapter I suggest that 
handedness is an either-or fealufe? 



As you have learned, the first step, in understanding the way 
human features vary is to find some way of measuring fhe 
features. That is, to find a way of operationally defining the 
feature. ' - 



2-7. No grB Yes Although Tables and 
1-2 both show continuous variation of the 
traits, they both also have either-or aspects. 
Subjects in Table 1-3 can show either 'too 
short" or Xoo long" responses to the illusion, 
but this Is not quite the same thing as the 
right- or left-handedness in Table 1-2. Gener- 
ally, either-or features exhibit a dichotomy- 
two distinctly different traits Purely continu- 
ous variation features like height and weight 
have no middle point. Vio eitheror charac> 
terlstics. ' 

ORGANIZING VARIATION DATA ^ 
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□2-^. In your Record Book, write an operational definition for 
each of the following: 

1, Reaction to optical illusions 

3L Eyedness ^ - 

3* Reaction time (grabbiness) 

If you had difficulty in writing these operational defini- 
tions, reread the section following Table i-2 in Chapter L 
Your own definition there of handedness should help. 

There's more to -understanding variation than operation- 
ally defining terms. After you have measurement data, you 
mijst analyze them. And this means you must arrange, the 
data for easy analysis. One way to do this is to make a table 
like'Yable 2-1, 2-2, or 2-3. Look at each of them a^ain care- 
fully. Then examine Figure 2-2. tjfk 

TiFlflure 2-2 



2-9, Student answers should give the method 
for detecting the trait and, if possible, the 
method for measuring tt 



' Eyedness 


Tallies (checks) 


Totals 






- * * _ 






Right V 




t 




Lett 


c 
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Note that students are asked to use a space 
(Figure ?-3) in the Record Book to tjonstruct 
ah appropriate tabfe, and possibly to have you 
check It. Whether or not you have the three' 
grerdes in your school, they should make the 
table, inventing data if necessary. 

2-10. EncouraTO students to design the data 
table in their Record Books without Just copy- 
ing the example given below. Once again, you 
are asked to check It. Both variables are of 
the either-or type (questton 2-1 1 ). so only two 
spaces are needed for each variable. Two 
spapes for each of two^ variables require a 
total of four spaces in the table>^ 
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Now try your hand at making a tabic of your own. Sup- 
pose you want to know how many seventh-, eighth-, and 
ninth grade students are in a school You are to construct 
an appropriate table for collecting and organizing the data 
you need Use the spjv^ in I igure 2-3 of your Record Book 
for making the table. When your table is finished, compare 
It with a classmate's or have your teacher check it. \ 

Until now^each human variable, such as handedness, eyed- 
ness, or reaction time, has been treated separately. But suppose 
you wanted to collect data on two or more variables at the same 
time to se^ how those variables are related, \\ovj would you 
organize the data you might collect? 

For example, suppose you wanted to find out how many 
students in class owned a guitar;, and, in addition, you 
wanted to know how many of the guitar owners were boys 
and how many were girls. 

□2-10. In your Recoj^ Book, design a data table that you 
would use. Be sure'y'ou can record data on both variables 
in the same table. Have your teacher check your table design 
ahead. 

□2-11. In designing the table, did you consider whether 
the variables are of the either^r type? Are they? 

Your table probably looks something like the sample 
shown in Table 2-4. (Marks have been included in the tabic 
to illustrate how it can be used.) 



Table 2-4 

\ 




J* OWN GUITAR 


.1 ' 

* < 

m 




Yes 


No 


Boy 


III 


rw iw^ 

IHJ rw 




Girl 


lUI 1 


IHJ IW 



Table 2-4 could be used as you collect data. Each tally 
or mark you plac^ in the table will tell you two things about 
the person— the sex of the person and whether or not the 
person owns a guitar. 



□2-12. How many boys in ihc sample class do not own 
guitars? 

□2-13, How many girls do not own guitars? 

Tables like Table 2-4 are sometimes called multivariable 
tables. Some people also call them cofuingencv tables. Others 
refer to them as correlation tables. Whatever they are called, 
they are very useful. They are useful in^aking data record- 
ings. And they help you see how variables are related. If 
you have studied Volume 1 or Volume 2 of ISCS, you*ve 
worked with many such tables. If you are not familiar with 
this kind of table, take a look at Excursion 2-2. 

Wc won't guarantee that it will tell you if there's any 
relationship between the number , of Ief1f-eyed4wagglebanks 
and how often it rains in Sopchoppy. But it will give you 
a chance tp try your hand at some oth^r interesting problems. 

' students will have X6 struggle a little op^tWs- 

problem break. Question 1 will involv^ con- 
tingency table between an etther-rfr feature 

1 MILB 

(sex) and a continuous variation feature (re- ' 
action time). Therefore it could have two col- 
umns» for boy and girl. In order to be iable to 
* ^ answer the question^ the actual grabbiness 

Now here's yotor chance to put to use everything you*ve 
learned about collecting ^uid organizing data in human vari- 
ation. You are to try to^answer the two questions given below. 
In answering you are to collect data on at least 20 people. 
Design tables for recording the data. If some of the data you 
need arc in tables youVe already made, you should use those 

J |. score should be listed, and not the grouping 

of scores as In Table 2-3. Then the actual 

1. Is there any correlation between sex and reaction time 

in students of your age? 
JSL Is there any correlation between handedness and eyed- 

ness in girls of your age? 

When you have completed the tables, answer the ques- 
tions. Then check your work with your teacher. He will tell 
you whether you are ready to go on to the next chapter 

B«fora going on, do Solf«Evaluation 2 in your Record Book. 

' : ' is • ■ 




PROBLEM BREAK 2-3 



ExpurBton 2-2 Is remedf^||[^view, but It also 
has extension implications. 




scores could be added up fpr the boyi and 
for the girls and an average score found for 
each. The better score (lower average) vyoMld 
then give the answer. In question 2. if both 
handedness and eyedness are treated as 
Qilher-or traits, a simple contingency table like 
TaWe 2-4 wilt result, showing the answer.* 
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No equipment need be pret>a^ed for Chap- 
ter 3. 
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.1 






'•> V-^^- 



Lx(;ur!iU>n 3^ I Is keyed to INs chapter. 
Excursion 2-1 is fokeyed 



and 



EODIPMfcNl LIST 
Nono 

CHAPTER EMPHASIS 

Consftjcting a hlstogram^^grouplng of data to 
m^ke^ patteriymore obvifus, and calculating 
range, mean, and mode are covered. 

Home on the Range 

MAJOR POINTS ^ 

1 . A graph in whid|i groups of data are plotted 
in vertical columns Is called a histogram 
2 The number of units between the smallest 
and iarg^t measure in any set of measure- 
ments is called the range of the measure- 
ments. ^ 
3. The average of a set of measurements, 
found by dividing the sum of all measure- 
ments by the number of measurements, is 
V called the mean. 

\4. The one measurement in a set that occurs 
* ^ipst frequently Is called the mode. 

In the last chapter you learned that people have b^th 
**cithcr-or" features and '^continuous variation'' features. 
Now lqt*s see if you can tell something that's either-or from 
something that varies continuously. Take a careful look at 
the word pairs listed below. 



heads or tails 
up or down 
hit or miss 
back or forth\ 
rain or shine 
hot or cold 
poor or rich 
war or peace 
big or small 
boy or girl 



yo^g or old 
open or shut 
day or night 
push or pull 
straight or curved 
sad or Kappy 
stop or go 
empty or full 
soft or hard 
wet or dry 



solid or liquid 
wide or narrow 
smooth or rough 
do or don't 
good or bad 
high or low 
right or left 
better or worse 



□3-1. From the above tlst, choose four word pairs that are 
"either-or" situations. 

□3-2. Choose four word pairs th^t are "continuous varia- 
tion'* situations. 

□3-3. Describe briefly how you chose the word pairs to 
use in your answets to questions 3-1 and 3-2. 

If you had trouble in answering questions 3-1, 3-2, or 3-3, 
then you had better turn back to Chapter 2 aad read it again. 

45 



5 Grouping data can make a pattmn more 
evidefit 

6. An Indlviduiil rnoasuronient can be com 
pared with the total by seeing it It is at. above, 
or below the mean or the mode 
7 Grouping the total range into tive parts, or 
fifths, is a helpful way of comparing data. 
8. ttie more measurements you have, the 
Msier It Is to see a pattern, and the more 

€hapter 3 





confidence you can have In the conclusions 
drawn from the data. 

If the rule that elther-or features exhibit only 
two possible varieties is applied, heads or 
tails, hit or miss, boy or girl, open or shut. etc.. 
fall easily in this category. Likewise, those that 
exhibit widely varying continuous variations 
could be hot or cold, big or small, young or 
dd. soft or haVd. wide or narrow, etc. Some 
in the list are harder to categorize. Two in 
particular are noteworthy. If the words up or 

25 



BETTER PICTURES OF TABLES 

down, and tack or forth, denote directions, 
then these two could be called either -or But 
If they denote distances, they have continuous 
properties. 



The histogram, a form of bar graph. Is con- 
sidered a most profltat>la^evlce for displaying 
data, it is interesting to note that if a large 
number of measures are available, the Inter- 
vals can be made smaller and smaller, down 
to actual units instead of groups The smooth 
line connecting the plotted points would then 
be a distribution curve However^ th6 histo- 
gram, with data plotted by groups/ is an ex- 
cellent way of presenting measurements that 
fluctuate widely. The overall pattern is more 
easily discernible. 



In Chapter 2 you collecled data on ihc way people vary in iheir 
grabbiness (reaction time). You summarized your data in Tabic 
2-3 of your Record Bix)k. A look at that table shwld tell you 
several things about people's reaction time. However, there is 
probably a lot more information in 1 able 2-3 than you think. 
I his chapter will help you see ways of getting as much infor- 
mation as possible from data you collect on human features— 
particularly "those of the continuous variation kind. 

Figure 3-1 shows the grabbiness data for some ninth-grade 
students in Florida, Notice that the data have been put into 
a scyDf vertical columns. The height of ^acjti column tells 
you how many individuals grabbed the metw^tick at each 
of the different marks shown. This kind, of graph is called 
a histogroifu 



m 



14 
12 
10 
8 
6 
4 
2 
0 



Figure 3-1 



Note ttie use of the two questions, somewhat 
In the form of a Checkup, to get the students 
to Excursion 3*1 . Once there, they should be 
encouraged to do It if they need help on hls- 
tograms or graphs^ 



|:>:<iilJ:W[»]k>" 
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Centimeter mark grabbed 



□3-4. According to the histogram, between which two centi- 
meter marks was the meterstick most ofte^grabbcd? 

□3-5* How many ninth-grade students are represented by 
the complete histogram? \ 

Check your answers to questions 3-4 and 3-5 by turning 
ito Excursion 3-1. Don't go on unless you are sure that you 
know what the answers should be and the reason for those 
answers. 



i6 



As you^Avill soon see. a histogram is orten more useful in 
organizing data than a table is. A Hitle later you will be asked 
to make some histograms'ol your own. Let*s practice a little 
at doing this to be sure that you will be ready. 

In your Record Book you will find an axis like the one 
shown in Figure 3-2. Use that axis and the data you have 
already put into Table 2-3 in Chapter 2 to make a histogram 
of the grabbiness data you have collected. 



The students can label their horfrontal axes 
the same as in Figure 3-1. If they do, they* 
should remember that the totals from Table 
2 3 ire from 25 to 35. 35 to 45 etc Note that 
they are asked to have you check both tfie 
histogram and the data from Table 2-3. 
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To be sure "that your histogram is correct, have your 
teacher check it. To do this, your teacher must see your data 
from Table 2-3 as well as your histogram. 



Fl0ur^ 3-2 



One of the problems in science, and in the rest of life, is that 
a single word may have more than one meaning. Think of the 
word range, for example. To some people, range means a grassf 
area where buffalo and antelope roam. To others, it means a 
cooking stove. Still others might picture a rifle range or a 
mountain range. 

Let*s take another example and consider the word mean. 
"Shc*s a mean old lady." "I've been meaning to do that." 
"What does the word meanT "F|e plays a mean game of 

golf" - ' i 

The terms range and mean are both used in «:ienQe and 
will be used in this unit. For this reason you i^d to know 
their scientist;: meaning. i 



MODE, MEAN, AND RANGE 



•X 
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In deftntng range, it may iye necwssary to 
define unit, measure, and set A unit ib the 
scale used for the nieasurement. such as nm. 
mm. m. etc It is plotted along the bonom of 
the histogram ^ measure is the operation of 
finding the amount of the trait m an individual 
casev The number of measures made is 
plotted vertically A set is the total number of 
measures m a given situation Thus the defini- 
tion of range "thevnumber of units 
means the number of scale units (cm in the 
example) between the smallest and largest 
measures. 




The remedial Excursion 2-1 is for those who 
are still having averaging difficulties. Some 
students may have to be urged to go through 
it again. 

l*:<»iiJ:i.i':»:i> 

3-9 Find the 'sum of all the measurements 
and divide it by the number of measurements 
[Note that students were not asked to find the 
mean, but only to tell what they would have 
to do to find it ThereNs a big difference; to 
actually find the sum of all the measurements 
could be a very complicated task tor the stu- 
dents. You might want to present the problem 
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If cxMitinuou!^ vaiiaiion features aie measurable, these 
measures spread out over a wide set cA numbers. For exam- 
ple, height is a continuous variation feature. Measuring the 
hCjjght of several people would give you a set of numbers. 
In Sis set there would be a smallest and largest measure. 
And, of course, there would be other measures between these 
two. 

Range as it is uh:d in this book means **the number of 
units between the smallest and largest measures^ any set 
of measures.*' 

To find the range of a series Of measurements, you subtract 
the smallest measure in the set from the largest. For instance, 
in Figure 3-1, grabbiness measures are shown along the bot- 
ton^^f the graph. The range for this set of measures is 70 cm- 
Here is how you^et itl 

Largest measurerpent - Smallest measurei|||nt - Ranjgc 
95 cm ^ 25 cm = 70 cm 



□3-6. What is the range for the set of grabbiness measure- 
ments that you recorded in Table 2-3? ^ 

□3-7. Give an operational definition of the wqrd range. 

Now what about mean? This word means the same as the 
arithmetic average, or what most people loosely call the 
**average/' 

The mean for a set of measurements can be operationally 
defined as: ^ >: 



Mean — 



Sum of all measurcmepts 
Number of measurements 



V 

□3-8. Calculate the mean of the'following measures: 28 cm, 
84 cm, 100 cm, 52 cm, 13 cm, 66 cm. 

If you do not see how the mean for question 3-8 is found, 
turn to Excursion 2-1, "On the Average,^ for more help. 

□3-9. What would you have to do to find the mean for the 
measurements you recorded in Table 2-3? > --'^ 

Another characteristic of a set of measurements w: 
continuous variation is the mode. Mode means "the 
measurement in a set that occurs most frequently." 



/J 
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□3-10. In Table 3-1, what 



is the ^ 



lode for the data set? 



lMile3-1 



Shoe Sizes for 
Teen-age Boys 



6B, 7A, 7B. 6E. 9A. 9A. 
8D. lOB. IID. 9AA. 12D. 
14B, lOB. TA; 8D. 9JC. 10^8. 
9iD. 9iC. UB. 12AA, IOC. IOC, 
lOD. 9iC. llD, 9iC 



to some of the more coinpetef»t For youf 
(nfofmation, twn pos-siblo ways of finding the 
mean are these: (1) Go back to the original 
ungrouped measwes ot grabbirwss. Add 
these all up and divide by the numtwr of 
scores. (2) Take an average figure for the 
groqplngs in Table 2-3 (25-34 would average 
atxjut 30. 35-44. about 40. etc ) fwiultiply these 
'average figures by the nuintjer of measures 
In each rowj^^dd all these products, and di- 
vide by Oie total number of scores.) 



'□3-11- Can you find the mode for your data in Table 2-3? 

In Table 3-1, the shoe size Hiat occurs rilost frequently is 
Thus, the mode for the data set isi just that, 9^/ 

The mode for the data set you graphed in Figure 3-2 
depends on your own set of measures, (i.e., ;^our data from 
Table 2-3). 

Patterns in data are nfet always easy to sfee. Sometimes the 
range, liiean, and mode help you see a pittem. Sometimes, 
to find a pattern, data have to b^^rgapizad. 

□3-12. Tabli 3-2 gives the weight (in pounds) of a group 
of ninth gradei^>What is the range, the mean, and the mode 
f<^Uliese data? 



Tibl0 3-2 



Weight (lb.) of a Group of Ninth Graders 





97 


. 106 


133 


65 




. 142 


97 


93 


140 




105 


156 


110 


no 




114 


72 


102 


118" 




104 . 


124 


75 


'112 




60 


99 


88 


115 




107 


125 


169 


110 




138 


. 158 


123 


81 




. t22 


127 


107 


138 



3-11, Normally, tHe students should answer 
No. But if some of the sharper ones found the 
mean by method number T in the teacher 
note, they already have used the ijngrouped 
measures. The measure that occurs most fre- 
quently would be the jiodg, and the answer 
to the question could pe Y^s. 

3-12. Range, leS^^feo^pr 109 lb: 
mean, 1 12.3 lb; 

mode* 110 lb, / . 

FINDING PATTERNS 
BY GROUPING 
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The mode. IIO. shows as the longest hoe 

Figure 3-3 



l ipurc 3-3 shows the data front labic 3-2 arranged in the 
tbiin of a simple hisiograin. 



( i 2 



60 65 70 /S 80 85 90 



I 

\ 



Note that the mode. 110. still falls in the larg- 
est group on the histogram (110-114) 



95 100 105 1^0 115 1?0 ^2S 130 l35 140 145 150 155 160 165 170 
Weight (tn lb) 



^'4 
in 

3 3 



I 2 
1 



\ Grouping. dpia can milke a pattern more evident. Figure 
3-4 shows a histogram ot* the data (rom Table 3-2. This time, 
measurements hav>e been grouped into five-pound intervals. 
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60- 6^- 70- 75- 80- 85~ 90- 95- 100- 105- 1 10-1 15- 120- 125- 130- 135- 140- 145-1 50- 1^5-1 60^165- 
64 69 74 79 84 89 94 99 1Q4 109 114 119 1 24 1 29 1 34 139 144 149 154 159 164 169 



Figure 3-4 



Weight (in IbJ 

Now look at a histogram, made by grouping the entries 
into ten-pound intervals (Figure 3-5). ^Iolice how the data 
take on a sort o^ mountain-shaped pattern. 



Figure 3-5 



Again the mode^aUs in the largest ten-pound 
interval (110-119). 
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60- 70- 80- 90- 100- 110- 120- 130- 140- iSO-MeO-^ 
69 79 89 99 109 119 129 139 149 159 1( 

Weight (in lb) 



I 




Arranging data in histograms or in other kinds graphs 
does not change the range, mean, or mode for the/data. But 
new arrangements can make patterns^iore obvidu»» { 





Throughout this unit you will be comparing your measure- 
ments with those of your classmate«i. One simple way of 
comparing is to see if your measurefnent is at, above, or 
below the mean or -mod*. 

Another way of comparing will give you even more infor- 
mation. Look back at the weight distribution of ninth grad- 
ers, in Figure 3-3. The weight range is from 60 to 169 pounds 
(or 109 pounds). Dividing that range into five part^ gives 
abou^ 22. The nun»b«r of ninth graders within each fifth are 
shown m Table to. 



Table 3-3 



THE ISC8 FIFTH SYMPHONY 



The weight range is actually divisible exactly 
in five parts in this case, A range from 60 to 
169 pounds Includes both the first weight (60) 
and th^ast weight (169) and all the unit 
weights between the two This total of units 
is 110. Likewise the range of each^fifth in- 
cludes the first and last weights in that fifth 
(60-81, 82-103. etc.), and the units ijj each 
fifth total 22. 



Fifth 


Range 


Limits of Range 
, <br That Fifth 


Numbers c^' 

Individual^,. ^ 


I 


22 lbs 


,60-81 


5 « 


2 


22 lbs 


\ 

§2-103 ^ 


; 6 


3 


22 lbs 


104-125 


16 


4 


.22 lbs 


126-147 


6 


5 


22 lbs - 


^48-169 


3 



s 



Notice .th^jj^^ce again, most of the measurements occur 
)m,ttie,mid<Mefif?h (3) with fewer at either extreme measure- 
/ment (1 ani 5). Figure 3-6 shows the information above in 
histogram, form. No|e how clearly the mountainrshaped pat- 
tern shows up Vhen the data are grouped in fifths. ■ 
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Both the mode and the mean fall tn the mid- 
*<»e. or 3rd. fifth. 



16 



14 



12 



10 



« 8 

CO 

_> 

6 



Figure 3-6 ^ 



You might want to make a point with the stu-. 
dents on the mcrease in confidence in meas- 
urements when the number of measures is 
increased. For instance,jf any one column of 
weights from Table 3-2 had been used instead 
of the whole t^ble then the range, mean, and 
mode would have been different. 
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Fifths 



□3-13. If Ringo Deery weighs 142 pounds, into which fifth 
does he fall? ^ 

□3-14. If Twiggy Hutch weighs 80 pounds, into which fifth 
does she fall? 

□3-15. Which fifth is the mode fifth?' 

□ 3-16. Into which fifth will extremely light people fall? 

□3-17. Into which fifth do "normal" variations in weight 
fall? 

In this chapter you>e learned how to make a histogram. 
YouVe also found how to calculate the range, mean, and 
mode for a set of measurements. You've seen that grouping 
data often helps to make a pattern clearer. This is especially 
true when you have a small number of measurements. You 
have probably heard that good experiments are repeated 
many times. The more measurements you have, the easier 
it 4s to see a pattern and the more confidence jou can have. 



more 



regarding the conclusions you make. 

In the next chapter, you will get to use your new skills 
in analyzing some not-so-obvious variations. You will also 
be introduced to somt new skills useful in finding patterns. 

Before going on, do Self-Evaluation 3 In your Record Book. 





I'M BEHOLO'N TO YUH 
FER CLEAR'N UP 
THAT RANGE MESS. 



5 
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GET IT READY NOW FOR CHAPTER 4. 

This chapter involves a longer list of equip-'" 
ment than any other. Some of it must be sup- 
plied locally. This includes chalk, baby-food 
Jar8» glasses, or beakers, paper, and a watch 
or clock with second hand. Activity 4-17 calls 
for students tp use a reasonably quiet ar^a. 
You migtat want to give conskieration to the 
use of some area outside the regular class- 
room, where students can wortt quietly in 
|>air8. You will need to supply straight sticks 
for students who go to Excursion 4-2, These •? 
should be prepared ahead of time. A teacher 
note on the first page of the excursion gives 
further details. White untined paper and paper 
towels must be supplied for Excursion 4-3. 
and you probably will want to ink the stamp 
pads ahead of time for students going to that 
excursion. Some hints on this operation are 
given on page 85. 



I 
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How Do You 
Measure Up? 



EQUIPMENT LIST 

Per tfudent-team 

1 matersticK 

1 meter of string 

1 place of chalk 

2 white index cards (3" x 5") 
1 protractor 

1 metric ruler 

2 rubber bands 
2 toothpicks 

1 glass, baby-food jar. or t>eaker 
Watch or clock with second hand 
Masking tape 

) 



CHAPTER EMPHASIS 



Students use range, mean, and mode to com- 
pare their personal tratts with those of their 
dassniates in additional situations. , ' 

Excursions 4-1 » 4-2. and 4-3 are keyed to this * 
chapter 

How do your features and characteristics compare with those 
of other people your own age? Are you average? Do some 
of your characteristics fall into the '*mode" category? To get 
an idea of just, how normal you are, you should conduct a 
f<pw investigations. Find out how you stack up in relation 
to your classmates. 



MAJOR POINTS 

1. It is possible to find the range, mean, and 
mode of weights ^d heights from the 'lata for 
boys or girls of a particular age 

2. The height and weight of any individual 
may not fall on the mean, or average, of the 
class data. 

3. It is possible to measure the periplieral 
angle of vision, and to cfetermine the range, 
mean, and mode of this angle for a group of 
students. 

Chapter 4 



4. A measure of the sensitivity to touch can 
be made for various parts of the t>ody, and 
comparisons made with the mean of a class 
©roup. 

5. The bllTKl spots In the eyes can be icienti- 
fied. and a measurement made of the total 
t>Jlnd distance of each eye. 

6. A test can be made for the ability to deter- 
mine distance and direction of a sound. 

7. Timing error can be measured, and a com- 
parison made with the mean error of a group 
of students. 

8. A normal person is one whose measures 
vary from the mean or the mode in some 
characteristics oiv traits. 



HEIGHT AND WEIGHT 



Start with an easily measured feature — height. To obtain 
measurements, you can use the help of a partner and a 
meterstick. 



Measure front 
floor to object 



ACTIVITY 4.1. Measure your height ifvcentimeter^, as shown. 
As a check, you should make your measurement more than 
once. 

Q4-1. How many centimeters tall are you? 

Whcntyou are sure thai your height measurement iijight, 
compare your measure with the data in Table 4-l.^flf you 
are a boy, use the **male data;'' if you are a girl, use the 
**fcmale data/') Notice that the table contains both height 
and weight measurements for people of your approximate 
age. . ■ 4 




Card or other 
fiat object 



Feet flat on floor 
and back straight 
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Table 4-1 



Male 


Female 


Heiphi (cm) 


Weight (lb) 


Hcijiht (cm) 


Wejght (lb) 


158 


97 


153 


102 


178 


142 


141 


84 


170 


105 


150 


95 


176 


114 


160 


100 


•163 


104 


163 


95 


153 


75 


165 


115- 


164 


107 


169 


126 


184 


,138 


155 


no 


178 


122 


148 


94 


150 


72 


455 


107 


160 


99 


173 


142 


169 


117 


154 


85 


165 


104 


i 155 


96 


158 


85 


150 


103 



Range of height (male)— 34 cm 
Range of height (female)— 32 cm 
Range of weight (male)— 70 lb ^ 
Range of weight (female)— 68 lb 

Mean height (male)— 166,14 cm 
Mean height (female)— 156.5 cm 
Mean weight (male)— 105.79 lb / 
Mean weight (female)-1 03.86 lb 

Mode height (mal?>-158 cm and 1^8 cm 
Mode height (female)— 155 cm 
Mode weight (male)-104 lb 
Mode weight (female)— 95 lb 

Note that mode height for male occurs at two 
points— it Is bimodal. 

Experience has shown that some teen-agers 
(and adults) become worried If the measure 
of their traits differs from the ave>age- Thus» 
this paragraph may provide some reassur- 
ance tor them. 
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□4-2. What IS the range of weights for the students of your 
^ age and sex? 

□4-3. What is the range of heights for the students of your 
age and sex? 

□4«4. What are the mean and mode weights for the students 
of your age and sex? 

□4-5. What are the mean ai>d mode heights for the students 
of your age and sex? 

□4-6. How far above or below the mean for height of your 
se:^ is your height measurement? 

□4-7. How far above or below the mean for weight of your 
sex is your weight measurement? ^ 

Height and weight usually var>' greatly among teen-agers. 
If you calculate the mean height of your classmates, you may 
. find no single person who has the average height. Thus, who 
is average? Perhaps the best Example of an average person 
is someone whpse characteristics are not average. 



Height and weight are important charactenstics to teen- 
agers. But now look at some features that you probably never 
even thought about. 



EYES FORWARD 




You can^t see what's going on behind your head. But you 
can see things to your right or left without movmgyour eyes 
or turning your head. How much can you see? Your nex^ 
probleni. is to measure how far to the side you can see while 
looking straight ahead. 

To make measurements^ you need to know how to use a . 
protractor If you don't know how to use one, do Exbursion 4 ^I^iliJ [t^k^l 
4-1, ^*Angles and Protractors." When you are ready to go 
ahead, you'll need to work with two partners. Your gcoup 
will need these materials: 

1 piece of string, 1 meter 16ng 

1 piece of chalk 

2 white index cards, 3x5 inches 
1 protractor 
Tape 

Read through. Activities 4-2 to 4-9 before starting. 



Excursion 4-1 is remedial on the use, ot a 
protractor. 



Note the change to a student-team of three 
^people for these activities. 




String 
(1 m long) 



Draw a chalk line 
along the string. 



Tape 



[s end* 



^ACttVITY 4-2. Tape one end of the string tq^the floor. Stretch 
the string out straight and chalk a line on the floor along the 
entire length of the string. 

^7 



A meterstick could t>e used to draw the 
straight line instead of tr^ng to foiiow tbe 
string with the chalk. 
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Chalk 



It Is difficult for some students to keep head 
and eyes immovable. One technique that will 
help Is to have partner with Card 1 carefully 
observe the person in the center, and sound 
a warning if any movement is detected. 



ACTIVITY 4-3. Tie a piece of chalk to the untaped end of the 
string. Draw a quarter circle on the floor. Leave the string 
taped to the floor, but remove the chalk. 



Circle 



String 
(1 m long) 



ACTIVITY 4-4. Prepare two index cards as shown. Use cards 
already made if they are available. ^ 



STARE 
AT DOT 



)ot 

i cm wide) 



Cafxll 

ACTIVITY 4-5, You a 
shown. Be sure that y 
can see the dot on Ca 

Sett 



your first partner should stand at 
feet are on the tape and that you 




Leave 
blaniL 



Card 2 



Card 1 




Is} partner 



ACTIVITY 4-^. Next stare at the dot on Card 1 while your 
second partner moves along the greater circle with Card 2 
in his hand. Watch the blank card without moving your eyet 
or y our head> 

^ Cardl 

'""^ 1st partner ^ 

Self 
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ACTIVITY 4-7. 
"Stop/' 



When you can no longer see Card 2, say 



Stop 





ACTIVITY 4-8. Move the end of tjle string to a point just below 
the blank card in your second partnef^s hand. Hold it in place 
with a small piece of tape. 




ACTIVITY 4-9. With a protractor, measure the angle between 
the chalk line and the string. This is your ''peripheral angle 
of vision/' 



0 
I 
I 
f 
t 
I 



string 
to card 2 



I ^*N. Angle 
I ^ of vision 



-Q 



Chalk line 
to card 1 



Repeat, the measurement of your angle of vision twice 
more. Record the results of the three trials under Self^in 
Table ^2 of your Record Book. 



If Students have worked with the space unit, 
'//hat's Up?, they will have constructed quad- 
rants that could be used for the measurement 
of the angle. These are larger than the pro- 
tractors, and might be Easier to use. 



Persons with a low angle of vision are said 
to have tunnel vision This is one of the haz- 
ards of the space age. It has been found that 
prolonged exposure to an atmosphere that is 
too rich in oxygen, such as might bccur in a 
space capsule, can cause extreme tunnel 
vision, unconsciousness, and even death. 
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Table 4-2 



Student 



Self 



Sludcni 1 



Student 2 



Student 3 



Student 4 



Student 5 



Student 6 - 



Student 7 



Student 8 



Student 9 



Studenv iO 



Tfial 1 



Trial 2 



Irial 3 



Average 







Again, you may decide to use class charts for 
the collection of these data. If so. yoM should 
provide spaces for ftie three trials and aver- 
age, so that students can complete Figure 4-2 
in their Record Books. 



in determining the mode with a relatively small 
nun>ber of "measures (11), it Js conceivable 
that there will not be a grouping at any one 
- measure* If two measures occur n\ost fre- 
quently. Jt Is bimodairif three occur; it is 
called trimodal. Possibly there is only one of 
each measure, in whidh case it is called mutti- 

modal. ' ^ 
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Next, measure the angle of vision for ten of your class- 
mates, (three . trials and average). Record these results also 
ip Table 4-2. When thp table is complete, make a histogram 
of the data , in the space provided in Figure 4-2 of your 
Record Book. Use the histogram aftd Table 4-2 tp answer 
the next three questions, • * ^ 

□4-8. Use the calculated ^averages to dc;termine the range 
of Angle of vision for the ten students. 

□4-9. Use the calculated averages to determine, the mean 
and m6de angle^ of vision for the ten students. 

□4-10. Is your angle of vision the same as, above, or below 
the mean for the ten students? . - 
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PROBLEM BREAK 4-1 

Up to now. you have concentrated on your field o^ vision 
to the side (horizontally). Design and carry out an expen- 
mcnt that will measure your field of vision up and Jown 
(vertically). Describe your cxj^criment and record your hnd- 
ings and conclusions in your Record Book. Do not 
spend more than one class period on this activity. 

The last activities deJilt'with your sense of sight. You have 
four more senses— hearing, touch, smell, and taste. The rest 
of the activities in this chapter will give you the chance to 
investigate some.of .th^e senses. Vou will also be able to 
compare your senses >^th those of your classmates. 



This problem break Is a good opportunity to 
design an independent investigation. An ex- 
tension of the problem of angle of vision can 
be presented to students who are interested 
in going a little further. By usmgcolored cards 
the same size as Card 2. a test can be made 
of the angle at which different colors can be 
Identified. You have colored construction 
paper in the supply Kit. 



Touch is considered to bex^Te of tK>^^o-called five senses^ 
In this activity you will determine whether the sens^f touch 
varie^^in different parts of your body. But befor^doing the 
expongient, try answering these questions. 

□4-11. At what point on your body do you think you are 
most sensitive to touch? \ ■ . 

□4-12. At what point on your bddy do you think you are 
least sensitive to <6uch? 

To test your pr^jions, yoti will need a "touchometer." 
This is a device Wftli^utih you 6an measure sensitivity to 
touch. To make a "touchoiltet^r;' you will need these things: 



ARE YOU TOUCHY? 



1 cm-scale plastic ruler 

2 rubber bands 
2 toothpicks 



Toothpicks 




|iiii|iiiiiini|Hr 



Although students would not be expected to 
Rubber ^^^^ ^^^^ ^^^^^ ^ogt sensitive areas 
band - - x 



6 



of the body are the fingertips (palm), lips, 

lllllllllllllllllli 



o I 1 



I 



3 



1 



unpiT 

6 



Sharp — «. 
ends 

ACTIVITY 4-10. Use rubber bands to attach two toothpicks 
tightly to a ruler as shpwn. Be sure that the more pointed end 
of each toothpick points In the same direction. 



^ Ruler 

tongue, tip of the nose, and the soles of the 
feet. The fingertips, for example, are twice ^ 
sensitive as other hand area^. 
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In using your louchomcter you will vaiy the distance be- 
tween the toothpicks and touch both points to the skin at 
the same time. 1 he aim will be to find out how close together 
the toothpicks have lo be before the two points feel like onc^ 
Let's give it a try. 




ACTIVITY 4*11. Spread the points two centimeters apart, 
shown. 



t . 




In working with the touchometer. It Is very 
important that the two points touch at the 
same time. Otherwise, it will give a clue to the 
subject because of the time difference t>o* 

ACTIVITY 4-12. Touch the two points to your forearm at the 
same^ime, as shown. If you feel both poipts, move the picks 
closier together and repeat. Adjust the toothpicks until they 
are hB far apart as possible but still feel like only one point 

tween the contact of the separate points. And 
the contact should be light. There are five 
basic skin stimuli that make up the sense of 
touch. They are cold. heat, contact pressure, 
and pain. Students are measuring ttie contact 
stimulus, and excessive pressure will confuse 
^ the reaction. 

Now that yoii know how to use your touchometer, you 
are ready lo do your touch experiment You will need a 
partner. \ 



ft 
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Safety Note In doing this touch experiment, be very careful 
with the ^ sharp points. Do not test the sensitivity of 
your face, although you may want to test the back^of your 
neck. Don*t make quick or unexpected moves. Always apply 
the touchometer very lightly. You are trying to measure sensi- 
tivity of touch, fiot pain. 




"4 



ACTIVITY 4«13. While your partner's eyes are closed, test his 
touch sensitivity on the back of his forearm. Record the re- 
sults of two trials in Table 4-3 of your Record Book. 




When testing subiects with thetr eyes closed. 
It IS a good plan to toucti only one point every 
once m a while Otherwise suh|ects will know 
that they are always t>eing touched by two 
points. 



Table 4-3 



Distance (cm) Between Points 
When 1 hey Arc Felt as One 



Atea 
Tested 


Trial 1 


Trial 2 


Average 


Self 


Parmer 


Self" 


Partner 


Self 


Partner 


Back of forearm 














Back of neck 














Palm of hand 














Back of hand 














Sole of (ooi 















\ 



Next, switch places with your partner and have him test 
youi^ touch sensitivity by repeating Activity 4-i3- Then, for 
yourself and your partner, test the other body areas that are 
listed in Table 4-3. Record all measuremertts in your Record 
Book. . ^ 

^3 



Although individual subjects differ, the palm 
of the hand and the sole of the foot will prob- 
ably show the greatest sensitivity, with the 
back of t\}e forearm showing the least. 
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Finally, test the touch sensitivity of nine other classmates. 
Record the data that you collect in 1 able 4-4 of your Record 
Book. When the table is complete, make a histogram of ihc 
data and answer questions 4-13 through 4-16. 

f : 



Table 4-4 



Area 
lesled 


Self 


/ Classmates 




2 


3 


4 


5 


6 


7 


8 


9 


10 


Back oi 
forearm 
























Back of 
neck 
























Palm of 
hand 
























Back of 
hand 
























Sole of 
foot 










« 















Once agitti. the distribution may be multi- 
modal due 1o -the small number of measures. 



4-14. Small 



44 CHAPTER 4 



□4-13- What are the class r^uiges, means, and modes for the 
*'touchiness^' of the forearm, back of neck» palm of hand^ 
back of hand, and sole of fool? You can answer this question 
by completing Table 4-5 in your Record Book. 

□4-14. In the touchiness test, does a- large, or a small, 
touchometer reading indicate more sensitivity? 

□4-15* For which areas of the body were your own touchi- 
ness measurements greater than the mean for you and your 
classmates? 

□4-16. For which areas of the body were your own touchi; 
ness measurement$ smaller than the mean? 



Tabki 4-5 



1^1 — ~ , 

^ 4 


Range 


Mean 


Mode 


Back of forearm 


cm to cm 


cm 


cm 


Back of neck 


cm lo cm 


cm 


cm 


Palm of hand 


cm lo cm 


cm 


cm 


Back of band 


cm lo . cm 


cm 


cm 








Sole of fool 


cm lo . cm 


cm 


cm 



You have probably heard someone say, "He has a bUnd spot 
when it comes to so-and so." This comment usually implies 
that the person with the ^'blind spot" doesn't see all the facts. 
Of course most of us have such mental blind spots, at one 
time or another in our lives. ^ 

But did you know that everyone has a true physical blind 
spot— one for each eye? Well, it's true. In the next activity, 
you will investigate your own blind spots. You will also see 
how these blind spols differ for different people- 
To get ready for \he activity, you need lo make a copy 
on paper of Figure 4-1. You will also need a parmer and 
a centimeter-scale ruler. 



BUND SPOTS 

Students may be curious about the blind spot. 
It IS the only point on the back of the eye (the 
retina) that is not sensitive to light. This is 
because at the point y here ail the nerve fibers 
come together and pass through the retina 
and out the back of the eye to become the 
optic nerve, there are no photoreceptor cells. 
Despite the relative ease with which students 
can identify it. the blind spot was not discov- 
ered until the 1 7th century, by a French sci- 
entist Because of binocular vision and the 
frequency of eye movements, it causes no 
difficulty in our everyday lives. 



Figure 4*1 
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Some teachers have had students use th<» 
3" X 5" tile card on which to copy Figure 4- 1 
The stiffness of the card makes for easier 
manipulatior> and measurement. 




ACTIVITY 4-14. Cover your left eye with your hand and hold 
Figure 4-1 at arm's length. St are o nly at the cross and slowly 
bring the paper closer to your face. 




ACTIVITY 4-15. At thetliraipt the spot disappears, stop mov- 
ing the paper toward you^^ur partner should then measure 
the distani^e from your left eye to the paper. Continue moving 
the paper closer to your face until the spot appears again. 
Measure that distance too. 

Record the distance measured in Table 4-6 of your Record 
Book. Then calculate the Total Blind Distance (TBD). 
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ACTIVITY 4-t6; llepeat the experiment with your left eye. Thia 
time, however, stare at the spot, not the cross* 



^6 



Record your measurements in lable 4-6 ot your Record 
Book. Then switch roles with your partner and repeat the 
experiment. Calculate his I BD. 



Table 4-6^ 

i 



BLIND SPOT DISTANCE FOR tACH EYE 



y 


Right 


Left 


Disappearing distance 






Reappearing distance 




« 


Total Wind distance (THD) 
(disappearing minus reappeanng) 







□4-17. Was your TBD greater, or less, tha^ your partner's? 
Find but whM T^D other members of yojir class have^ 

□4-18. Js your TBD above, beKaw, or equal to the mean 
TBD for the students you checked? 

□4-19. ^at was the range of TBD for the group? 

P4-20.'Do you think a person's TBD would be an important 
feature to consider when interviewing for certain jobs? Why? 



Note that if students are to do an adequate 
job of answering questions 4-17. 4-18. and 
4-19, they will have to maKQ a data table. They 
need the data to be able to find the rhean and 
range. 




Excursioh 4-2 is an interesting extension ex- 
cursion on depth perception. 



Another important characteristic of humaii vision makes 
it possible to catch a- ball, pick up a thumbtack, or hang . r ^ 

clothes on a line^ Take a look at Excursion 4-2 to see how ^ >I<iilJ Zt^ [•] I 

people vary in their ability to judge distances. ; ^ 



Obviously, there are blinS ^ots in vision. Are there similar 
**blind spots" for hearing?/ ' 

Does everyone hear all sounds the same way? Without 
expensive equipment, it's hard to' study variation in ability 
to hear high and low sounds. But there are some questions 
'aboat hearing that can be studied with simple equipment^ 



THE BETTER TO HEAR WITH 
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For exajnplc, you can study a person^s ability to locate 
where so^ds cpnie from. You can also study from what 
direction Jiflcrent people hear best. ' ' 

For these mvcstigaiions you will need a pencil or pen ^nd 
a glass, jar, or beaker You'll also need a partner. 

..You might want toubave student- patrs go to 
* • t , • another ^oorn or arda to have less distraction 

from normal class noise. 

ACTIVITY 4-17, Have your partner »lt In a reaaoiiabiy quiet 
part of the room with hia eyes closed^ Move a atiort distance 
from him and gently tap the^ss. When he hears the tapping, 
he should point in the direction he thinks the sound Is coming 
from. He should also state how many meters away |ie thinks 
you are. 



If the. suggestion to test several of the class-' 
mates is followed, students-should probably 
have a data table (art extension of Table 4-7). 




48 CHAPTER >4 



It's up to you to decide how to reiSofd how much your 
partner's guesses are off.\ Whatever scheme you use, you 
should consider both direction and distance. .Your testing 
should be 4one on both sides, in front, and in back of your 
partner. Record all data in Table 4-7 of yoflr Record Book: 
° Have your partner test your ability to he"j(r. .sounds in the 
same way you, tested his. Then compare^ his measures with 
yours. If, )fou like, test several of your classmates as wfcU. 



□4-21. Describe how your ability to hear soiind compares 
with your partner's. ' • 

□4-22. Did you fijad any eyidence for-* "blind spot** for 
Rearing? ' . ^ 

PROBLEM BREAK 4^ . / 

Perhaps you're sometimes late in coiping home. Maybe 
you have excused yourself by saying; "I'm sorry, rjust lost 
track of the time.'* Some people ^re.extremely good at esti- 
mating different lengths of time. We.could say they*have a 
good '"sense of timing.'' -Tjme sense isn'4 one of the five 
senses, but it is impprtanl. And il is another variable" among 
people. Perha^you can measure this "sense.", Tt!) do so, you 
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This problem break presents another oppi>r- 
tunity for experimental design. You might 
want to pose the question with students. 
"Does It make any difference in time sen^se 
with subjects whether they have their eyes 
open or closed (outside of the obvious differ- 
ence of being able to see a clock or a 
watch)?" Incidentally, there seems to be a 
correlation between time sense and native 
intelligence. Also, it has been found that the 
ability to accurately judge a 6(>-second time 
imei^at is markedly affected by illness and 
fever in a subject. 



should again work with a partner You and he will need a 
watch or dock with a second hand. 

Design an activity \o find out how well you can judge when 
one minute has elapsed. Collect data for several trials for 
you and your partner. Then calculate the mean error. Check 
other, classmates, too. 

r 

□4-23. What is the mean error for time sense for the people 
that you studied? 

□4-24- Wh^t is the mode errof for time sense for the people 
that you studied? ^ ^ , ' 

□4-25. W^^s your tfme-sense error above, or below, the 
. mean for the people you studied? 

You have sti^di^d and measured many of , your own char- 
acteristics ^ikI those of other persons. There are, of course, 
many othy: cljaracteristics. Sortie of thejn are quite difficult 
to measure by ordinary methods, if you'd^like to investigate^ . 
one that is important in detective work, do Excursion 4-3, "No ^ ^^K^ii J S W w*] I 
TwoAlilce/' . V % 

Well, how did you stack up against your classmates? Were 
the measures of all your continuous variation features and 
characteristics at the mean? Did all your either-or features 
fall into^die mbde category? If your answers to those two. 
questions ^ere No, you are a normal person. 

You may ha^fe'Jia4 one\>r two features that could be called 
average. But if enough features are measured, you would no 
longer be average. Be glad, because your differences from 
other people are what rnake you an individual. 

Why then, is there such an interest in looking for patterns 
in human characteristics and behaviors? Chapter 5 may clear 
that up a bit* 

Before going on, do SelftEvaluation 4 in your Record Boole 



^cursion 4-3 is for extension. It provides the 
opportunity for students to &ke and study 
their own fingerprints. In extremely rare 
cases, there have been parental qbjections. 
due to the fact that fingerprinting is so often 
connected with c>ime. 



No equipment need be prepared for Chap* 
ter 5. 





EQUIPMENT LIST 
None 



CHAPTER EMPHASIS 



The Importance of looking for patterns in 
human variation is emphasized through a se- 
ries of practical problem breaks • 



Personalizing the 
PopMlation 

Excursion 5-1 is keyed to this chapter 



The most exciting thing about people is that each one is 
different. At lea^ one feature or characteristic distinguishes 
each person troni every other person. Each of us has his own 
private set of physical and mental traits. And even those 
characteristics we have in common with other people may vary 
considerably from persoii to person. Even the most amazing 
look-a-likes (identical twins) are distinguishable. 

You have been investigating some of these human charac- 
teristics and features. You've looked for differences, but 
youVe also searched for similarities and patterns. Why is 
^ there a big search for patterns in human behavior and in 
human feature:^? Why doesn't research pay attention to each 



individual as an individual? 




Chapter 5 

MAJOR POINTS 

1. All human beings are different in at least 
one characteristic or feature 

2. In studying human variation, you need to 
consider (a) how information on variables can 
be gathered, (b) how the variables can be 
measured, and (c) how the variables relate to 
those 0t others 

3. It is important to identify average or model 
characteristics of a group of people so that 
comparisons can be made ^with individuals. 

4. In solving practical problems concerning 
groups of people, it is important to identify 
patterns of characteristics or behavior 

This final chapter should present a challenge 
to students It is designed to summarize, 
through the use of practical problems, the 
major ideas in the unit A possible student 
method of attack on the chapter might be to 

(1) read the entire chapter, identifying the 
specific problems of interest; 

(2) decide on the method of data-gathering for 
the particular problem; 

(3) gather the necessary data and tabulate 
them in some form; and 

(4) refer back to earlier work for methods of 
using data in making decisions (use of range, 
mean, mode, and histograms and graphs). 



MOT 




Finding the answer to these questionfs is kie purpose of 
this final chapter of Investigating Variation. In this chapter 
you will encounter a series of problem breaks. Each one will 
present a practical example of why looking for patterns in 
human variation can be so important. 
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Note that students are tbUl iriat they may se- 
lect the problems they wish to do. completing 
at least halt of therti As the teacher, you may 
wish to suggest some alternative plan for 
insiance.. there may be some problems that 
you consider especially appropriate for stu- 
dents in your school or community, and you 
feel that most students should complete 
these In any case, you should be alert to the 
tendency for students to make too few meas 
urements for a problem, and to base their 
judgment on too small a sample 



As you work wnh each problem smiation. keep in mind 
whai you have learned atH)Ui humaii vaiiation. Ihirik care- 
fully about the human variables that you want to consider, 
collecting your thoughts on these things: 

1. How information "Jibout them can be gathered 

2. How^ they can be measured 

3. How they are likely to relate to each other 



You may select the problems you wish to do, but try lo 
complete at least half of those listed. Blank pages are pro- 
vided m your Record Book so that you can keep a record 
of your ideas, plans, data, and so forth. 

Clmt with your teacher and clijssmates about the problems 
youlfelecl. You may want to team up with someone before 
actually conducting an investigation. 

Solving some ol the problems will require thai you collect 
data from a group of people. Avheu and if you want lo learn 
I I^X^i'j ^ ^^^"^ ^ S^^^ ^^^^^ sample, do Excursloiv5-1, "Sampling 

Populations/' 



Excursion 5-1 . though for general interest and 
extension, should be recommended a^ a help 
in data collecting for all the problem breaks 
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PROBLEM BREAK 5-1 



Two basic questions might be 

(1) What kinds of music do different age 
groups want to listen to? anrf * 

(2) At what times do different age groups 
listen to music on the radio? 



You are the new radio programmer for station WRXY, 
The station transmits from your community center and has 
a broadcast radius of 25 miles. The station's motto is '^Music 
for all generations Vound the clock," Your boss expects you 
to have a new 24-hour schedule ready within 30 days. He 
has given you some funds for research. Explain how you will 
decide what kind of music should he played throughout the 
day and night. Outline your research plan in your Record 
Book. 



PROBLEM BREAK 5 2 



As sporting- goods buyer for a large department store in your 
area, you have the job of deciding how many Ictt-handed 
baseball gloves are needed m slock. What will you do to make 
the best estimate of these needs before spending the store's 
money? Describe your plan in your Record Bcx)k. 




PIIOBLEM BREAK 5-3 

As advisor to Representative Bellows, it is your respon- 
sibility to help him win votes among the youth ( 18-26. years). 
Of course, he must also get the vote from older citizens if 
he is to win Feelection. Design a plan to find out what per- 
centage of Representative Bellows' appearance time should 
be directed at concerns of each of the different age-groups 
in your community. 




PROBLEM BREAK 5-4 

Suppose the Student Council of your school decided to 
sell sweat shirts to raise money for a spyecial fund. How 
should they go about deciding on the color, size, and style 
of shirt? Suppose they wanted to have something printed on 
each shirt. How can they make the best decision as to what 
should be printed, how large the lettering should be, and 
where it is to be located on the shirt? 
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There are several factors that should have a 
bearing on, this problem. There are many 
more right-handed people than left-handed jn 
the general population But m baseball, the 
rlght-to-left ratio is not so qreat. because of 
certain advantages that leff-handers have m 
the game And what influence does the sext 
have on the sale of baseball gloves in gen- 
eral? Are there organized league activities in 
the community that would help to stimulate 
sales? The data on handedness from Chapter 
1 and eyedness from Chapter 2 can be helpful 
here. (Eyedness and handedness tend to go 
togettier.) 




The library may have statistics on population 
by age groups in the country that could be 
uded as a guide irv Problem Break 5-3. 



The information-gathering in Problem Break 
5-4 is the impotent aspect. Should a ques- 
tionnaire be udad, listing choices of color, 
size, style^ 'printing size, and location, or 
should It t>6 done by Interview? Note that de- 
cisions on some of these factors (color, style, 
printing) are quite similar to either-or varia- 
tions, in which the mode gives the best an- 
swer. Size would be indicated by the range. 
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PROBLEM BREAK 5-5 



In Problem Br*)aK 5 b. the student may be 
' exfK^cted to 0<*s»gn the research study, but 
the actual measufemcnt of fmanng loss might 
require equipment that is not available Hear- 



Phvsicians and scientists arc roncrrncd about ihc cflccts 
of noise on heaiin*r ab^hiv. l or example, there is some evi- 
dence thai ears are daina^ied bv lonti periods of hstcning to 
loud music. Desisin a research study to find out if students 
in your school have suffered any fiearing loss because of" their 
love for music. (Hint; You might investigate the relationship 
between age and hearing ability. 1 Ins approach assumes that 
older students have listened to more loud music than 

younger ones have.) '"9 ^oss should be a continuous variation, so 

tfie mean and range are important. 



PROBLEM BREAK 5-6 



Problem Break 5-6 might entail identification 
of characteristics by rank-ordering them from 



As a member of the school newspaper stafi, you have been 
assigned the task of getting the student body to select the 
best all-round male (or female) student. However, you don't 
want to run just another popularity contest. So you have 
decided to find out what characteristics the students^ expect 
the best all-round male (or female) to have. Design a plan 
lor identifying the list of characteristics that is agreeable to 

a majority of the students, a hst ot possiWy desirable ones. Then stu- 
dents could be rated on the selected charac- 
teristics and the highest composite rating 
^ chosen. 



Pin 
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Pin to pin on pin 



PROBLEM BREAK 5-7 



Problem Break 5-7 poses an interesting ques- 
tion. After finding the range of times neces- 
sary to eat lunch, should the mean l>e used 
to set the time, or should the mode be used? 

If your school has a cafeteria, you probably have heard 
students complain about the food and about the amount of 
time they are given to eat it. Suppose you are appointed by 
the Student Council to find out how much time the average 
student needs to eat an average-sized lunch. On the basis 
of such findings, the lunch period will be adjusted so that, 
some extra time (about 10 minutes) is included for conversa- 
tion. Design your research plan. 




PROBLEM BREAK 5-8 

There has been% revival of the bicycle craze in your town, 
and approximately 500 students are now riding their bicyc{es 
to your school every day. But with the upsurge in the use 
of bicycles has come a multitude of problems. Vandals arc 
damaging unattended bikes. Stealing is rampant, and bi- 
cycles arc disappearing at the rate of five or six a day. Bikes 
arc being parked in empty spaces all over the school grounds^ 
cluttering up the parking lot and giving the lawns an untidy 
- look. Twice a day the cyclists cause traffic jams as they arrive 
at or depart from the school. 

* You arc a member of a committee appointed to look into 

* these problems and asked to come up with solutions that 
will not oftend any major segment of the affected population 

^ (students; teachers; or those of the general public who live, 
drive, or work in the vicinity of the school). Describe a 
research plan that would lead to workable, acceptable, and, 
hopefully, successful solutions. 



The student s solution should not offend any 
major segment of the affoctod popui^jfion 
(students, teachers, and general public) This 
requires thai some decision^ be made about 
data-gathering. 

1. Should sampling techniques be used In 
surveying the bicycle riders, or should all 500 
be Purveyed? 

2. Should other, nonriding students be sur- 
veyed? sampled? How many? ^ 

3. How many teachers should be surveyed? 

4. How many of the general publjc who live/ 
drive, or work in the vicinity should t>e sur^ 
veyed? How should they be chosen? 

5 What kinds 6f questions should be asked 
In tno surveys? Should the same questions t>e 
asked of each group? ^ 




The teacher notes in this chapter are given 
as suggestions only. You probably have more 
and better ideas that could be used for stu- 
dent guidance. The problehi breaks present 
^n excellent opportunity for student Inter- 
action, small-group discissions, and actual 
pupil involvement in the affairs of the school 
and community. 



Solving problems concerniiif^ people usually requires you 
to know something about group.s of people. Patterns of group 
behavior or characteristics become important. You fre- 
quently need data about means or modes. The problem 
breaks in this chapter can be completed only if you identify 
those average or model characteristics of a group of people. 
Individual characteristics are always interesting and impor- 
tant. They identify the person. Each of us wants to be 
thought of as .an individual. We w^ant our own needs met. 
But, each of us is also a member of a large group. The most 
efficient way to meet group needs is to identify group charac- 
tenstics. 1 hat is why patterns of trails and characteristics are 
so important. 

Before going on, do Self-Evaluation 5 In your Record Book. 
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Excursions 



Do you like to take tops, to try something different, to see 
new things? Excursions can give you the chance. In many 
ways they resemble chapters. But chapter carry the main 
story Ime. Excursions are side tnps. They may help you to 
go further, they may help you go into different material or 
they may just be of interest to you. And some excursions 'are 
provided to help you understand difficult ideas. 

Whatever way. you get there, after you finish an excursion 
you shpuld return to your place in the text material and cbn- 
tinuc wilth your work. These short trips can "be interesUne 
and different. ^ 



/ 

'^7 



\ 



PURPOSE ' , 



EQUIPMENT LIST teach or review linear measurement, using ; 

the metric system, and to show the rela- 
1 metorstick * tlonships between units. 



Measuring— Mostly 
in Metric 



This is a remedial-review excursion on the 
motric system. 



You Icnow that 12 inches make a foot and that 3 feet make 
a yard. And you probably have u memctrized that 5,280 feet 
equal a mile. The inch, the foot, the yard, and the mile arc 
units in a system of measurement called the English system. 
The United States is one of a very few countries in the world 
still using this system. 

Use English system units to answer the next two questions. 

□1. How many inches are there in 6 miles? 
□2. How many yards are there in 5,000 inches? 

As you can see, changing from one English system unit 
to another can be rather messy. 
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MAJOR POINTS 

1 The United Stated Is one of the few coun- 
tries still using the English system of meas- 
urement. 

2. Changing from one unit to another in the 
English system, can bB messy 

3. The standard unit of length in the metric 
system Is called a meter 

4. A meter is 39.37 inches long. 

5. A centimeter is one hundredth of a meter. 

6. There ^re 10 mm in a cm. 

7. In using a metric scale divided in mm, you 
read a measurement to the nearest mm. 



Even England is changingtto the methc sys- 
tem. 




IF THATS THE ENGLISH 
SYSTEM, WHAT HAVE 
1 BEEN USING? 




If youVe studied Volumes 1 or 2 of ISCS, you probably 
feel fairly comfortable in the metric systent'. If this isn't so, 
then this excursion will help you learn what the metric sys- 
tem is all about. 



Not only should students feel falHy comfort- 
able; ttiey should appreciate the relative sim- 
plicity of the decimal system of measurement, 
witfi all measures beina related by powers of 
10. This factor, with the resultant ease of 
scientific notation and unit conversion, is 
probably one of the strongest reasons that the 
metric system is so widely used and highly 
recommended by scientists. 



A specially constructed bar of a i>latinum 
indium alloy was used to mark ott trw stand- 
ard unit of \Ue meter The international proto 
type was housed in Sevres. Ranee However, 
a General Conterence on Weights and Meas 
ures met tn 19H0 and redefined the meter in 
terms of the wavelengtti of the 6range-red 
light emitted by krypton-86 This wavelength 
IS believed to be universally invariant, and can 
be reproduced in any laboratory throughout 
the ^orld. 



Ihc mctnc system was first used in France about 1790. 
The standard unit ol length was called a meter. A meter was 
supposed to be 1/10,()(KU)00 ol the distance from the North 
Pole to the equator. We now know that this measurement 
was not quite rigliL but the original meter is, nevertheless, 
still used. The mctA is 39.37 inches long -a little more than 
one yard. 

Get a meterstick from the supply table. Notice that the 
numbered hhes printed on the stick divide it into 100 parts. 
The distance between two of these lines is called a centimeter. 
1 he prefix centi means ''one one-hundredth'' (0,01). A centi- 
meter is 0.01 of one meter 



34 5678 9 10 1234 5 



Figure 1 



Yo\i probably noticed that there are 10 smaller spaces 
between each of the longer centimeter lines. The short dis- 
tance between these lines is called a millimeter. The prefix 
■ milli means "one one-thousandth** (0.001). 







1-2 3 4 5 



Figure 2 
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As the prefix centI- means one hundredth, so 
the prefix mitli- means one thousandth One 
thousandth of a meter, then, is one tenth of 
a centimeter. 



□3- How many millimeters are there in (a) 1 meter? (b) 2 
meters? (c) one-half meter? (d) 10 centimeters? 

Figure 3 shows part of a meterstick. To make it fit on the 
page, only part of the stick has been drawn. The part of the 
meterstick between A and AA is one centimeter (cm) long. 
The distance from X to Y is one centimeter, too. As you can 
see, each centimeter is divided into 10 equal parts. One 
centimeter divi<ted^y 10 equals one millimeter (mm). So 
'a millimeter is Orcenti meter (one tenth of a centimeter). 
Now that you know the names of the metric units for 
* length, you are ready to do some measuring. The arrows and 

letters beside the ^ale in Figure 3 mark the lengths that 
you will measure for practice. 

60 EXCURSION 1-1 04. What is the distance in^entimeters (cm) from Ar to B? 



□5. What is the distance m millimeters (mm) from A to B? 

Wc hope you answered "7.2 cm" for question 4. If you 
didn t, you probably had trouble because arrow B points 
between the seven- and cight-centimeter marks. Notice that 
there, are 10 Imes between the sev<,'n and eight. The arrow 
pomts to the second line beyond the seven mark, so it is 
two tenths (0.2) of the way to eight. So the reading should 
be 7.2 cm. Remember, there are 10 millimeters (mm) in each 
cenumeter. The answer to question 5 is "72 mm"-because 



7.2 cm X 10 iH" ^ 72 
cm 



mm. 



□6. How many centimeters is it from A to C? 

The last problem was tougher because arrow C doesn't 
. point nght at the line. You could have read at as 10.7 cm 
or 10^ cm. You will have to decide which is better. There 
will always be some uncertainty in such measures. You just 
have to estimate the last figure. A metric scale, such as the 
one m Figure 3, should always be read to the nearest milli- 
meter (0.1 cm). That, of course, will take some estimating. 

□7., How far is it in centimeters from A to D? 

You probably thought this question was the easiest of all 
Smce the arrow pointed nght at the fourteen mark, the dis- 
tance was 14 centimeters. 

Do you agree With the distances given iff'question 8 below'> 
Look closely, because the figures may be .wrong. If you find 
a mistake, cross out the wrong pumber in your Record Book 
and wnte m what you think is correct. (Remember, you are 
still usmg the meterstick shown in Figure 3.) 

□8. Check the distance between the following points. 

A and E 15 7 mm ® measurement A to E of 15 7 mm 

«^ IJ./ mm should be crossed out in the fiecord Book 
A and P lA fi ^"f number 157 written in This a good - 

A and F . 16.8 cm teit of perceptiveness. and should help to 
A »nW rs 10 I"***® students conscious of the impot, 

A and Q 18.4 cm tance of correct units. Of course, mm cou/B 

out instead, fanct cm written in. 

Using the drawing of the meterstick shown in Figure 4 
do the following checkup. ' 



Figure 3 



HI 



CHECKUP 



Find the distance between th# 
following points. 



A and H . 
A and J =^ - 
A and K =: ^ 
A and L _ 



. mrt% 
cm 
. cm 
. cm 



Ask your teacher to check your 
answers. Do not go on until 
you can measure accurately 
with a meterstlck« 



WHEN DEALING WTW 
METERS, ALWAYS CHECK 
YOUR OrSTANCE. - 




^ to H 59 mm 
A to J 9.1 cm 
A to K 10.3 cm 
A to L 15 7 cm 

When studeitfs co^pe to you to check their 
answers.Jt affords you the ogportunlty to as- , 
y sess their competence, and ii^uggest further 
remedial work if necessary Tms couJd consist 
of .having them go through the oxcurslqn 
again. Some teachers have found It desirable 
to duplicate a special metric exercise of their 
own |jesign oh a single sheet of paper, and 
give this tjo the student to be performed. 
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EQUIPMENT 1 1ST 
t metric ruler' 



This IS a remedial excursion 



On the Average 

PURPOSE . " ' . ^ 

■ < 

To explain \X\4 raethods of ^vergging and of 
rounding off numbers, and Jp.prqvide pra^ftice 
in both operaliphs. f \ 



MAJOR POiNIS 

1 An average is the sum c)f afl measures 
divided by t^le utnuber ot nu^asurc'^ 
2. An average number is smaller than the* 
largest measure and larger than the smallest 
measure> and is otten not a wiioie number 
3 Rounding oft mea^jrements lo the nearest 
whole number means droppmg any number 

Excursion 2-1 



What is an -average? U^you are not sure what averages ^are 
and how they'are calculated, ihis excursion should help you. 
You will need^ a i)fWlji^, ruler. 

^ ^ " ■ 

ACTIVITY 1 . Measurd li^i^ntith in centlmeter3 of each finger 
on one hand. Don't mea^lv^ your thumb, (ypu might read on 
before doing this.) . ^ 

As you try to m<jasur<,^ your fingers/yoXi will probably have 
problems. Frcyn whdt point do yoii. njeiisure? How- should 
the fingers be held? Before going on/you will need an opera- 
tional definition for ''finger lengthk/'^This, is a definition that 
tells you a way of measuring finger Iciigih. 

□1. State your operaticVnal definition for the length of a 
* finger. . w» . • 

Use your operational definition to measure the'fingers M 

' One^ of your hands. Record 70Ur data in Table I of your that comes after the decimal point, usirxg the 
Q J n 1 I . ' ^ followmg rules: 

Kecora DOOK, / , : . ' (a) when the last djgit is less than 5. the digit 

' * ahead of it stays the same: 

- " . ' (b) When the last digit is 5 or gceater, add 1 

" . * C^o the numl>er ahead of it. 

1. Answecs will vary, but an example might 
* . " r ^ . be: "Place the zero end of a ruler m the space 

" . ' between two fingers, with the fingers straight 

along the ruler. iRead the mark en the ruler 
V even with the end of the finger being meas- 

ured." 




Table 1 


fii • 


Index finger 


cm 


Middle finger . 


•V — 

^cm. 


Ring finger 


cm 


t 


cm 

4 
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2 No hingei length IS a continuous vanatton 
feature, because the length can be any 
amount within the range ot measures (Note 
that the students may not be familiar with the 
terms either <^f vanavon and continuous vari- 
ation if they arfive at this ttxcursion l)efore 
gi^fting into Chapter 2 ) 




□2. Is finger length an citK(;r-or feature? Explain your an- 
swer. 

Suppose your four measurements for finger length were 
6.2 cm, 7.4 cm. 7.8 chu and 7. 1 cm. How would you calculate 
the average fmger length i)f your hand? 

It's simple. Just add up all four measurements to get the 
total, t hen divide the total by the number of measurements 
you made. Here it is for you in black and white. 



Add: 

6.2 cm 
7.4 cm 
7.8 cm 
7.1 cm 
28.5 cm Total 



Divide the total by 4: 



7.1 cm Average 
4)28.5 cm 
28 ^ J 
5 
4 



Average = 



Sum of all measureii 
Number of measures 



Weather temperatures are still given in Fahr- 
enheit m the U S Students may be curious 
about the equivalent readings given here 
They are 82 4^. 78.8^ 68^. 71. 6^ 80 6^ 8^** 
and 86"* Fahrenheit. 



ns. Now find the average of the four finger measufiements 
you made. Compare your average finger length with that of 
5K)me of your classmates. , ' 

Suppose you recorded the temperature at noon every day 
for a week. Your seven readings were28*', 26**, 20**, 22**, 27"*, • 
30'', and 30!" Celsius. To find the average Celsius, temperature 
reading ibr the week, you simply (a) add all the ineasures 
and (b) divide the sum by 7. 

□4. What was the average noontime temperature for the 
week? 



Another interesting thing (and one that has 
implications tor ^tudents as they compare 
their characteristics with averages) is that 
often the average isn't the same as any one 
of the numbers averaged. For example, not 
one of the noon temperatures was 26.1 
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Your answer for question 4 should have been 26.1 degrees. 
If it was not, continue with the rest of this excursion. 

Look back at the averages you have calculated in this 
excursion.^ Notice that the following interesting things are 
true of all averages. • • 

. 1. The average number is always smaller than the largest 
measure and larger than the smallest measure. 
2. The average is often not a whole faumben 




If you were to measure the heights to the nearest tenth of ROUNDING OFF NUMBERS 
a centimeter of a tew ninth giaders, your data might IcK)k 
like that in Table 2. 



Table 2 



HEIGHTS OF NINTH CRADF STIJDFNTS (cm) 



ADD 1 TO NUMBER 



160 1 


170.3 


164.2 


161.4 


1615 


166.7 


174.6 


165.1 



It often helps to *'round oft'"" measurements to the nearest 
. whole number. I his means droppmg any number that comes 
after the decimal point. The following ''rules'' for rounding 
off are commonly utfed. 

Rule I. When the last digit (number) is less than 5» it is 
dropped and the digit (number) ahead of it stays 
the same- 
Rule 2. When the last digit (number) is 5 or greater, add 
1 tp the number ahead. 

Table 3 shows four of the "same heights given in Table 2. 
This time though, the numbers are also given in roundcd-off 
form. Compare the two columns and notice How the rules just 
given were applied. 

Table 3 



HEIGHTS OF NINIH-GRADH STUDENTS 



> 

Oi^inal 
Measurement (cm) 


Rounded-'off ^ 
Measurement (cm) 


L Number of Rule 
Applied 


160.1 


160 


1 


164.2 


164 


1 


.'16 1.5 


162 


2 


174.6 


175 


2 




DmST. 




DONT CHANGE 
NUMBER AHEAD 
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ROUE^DPG 

iiniififiiii OFIli 



1 



Note that students are 
to check ttieir answers 
to Table 4 with you. 



180 


1 


173 


2 


175 


2 


177 


2 


182 


2 


180 


1 


180 


2 


180 


1 


183 


2 


176 * 


1 


174 ^ 


2 


179 


1 


161 


1 


170 


2 



^ 



In yi)iir Record Book, round ofl ihc mcasurcmcnls given 
in lablc 4. In the iight-hand colunin, give the number of 
the rule applied. Check your answers with your teacher. 



Table 4 



HLIGHTS or NINIH-GRADU STUDENTS 



Original 
Measurement (cm) 


Roundcd'Ofl 
Measurement (cm) 


Number of Rule 

X A t 1 

Appued 


t OA A 






1 /z.o 






1 1 A 1 

1 /4. / 






w 

176.5 ^ 






tot c 






1 ou.z 






179.8 






180.3 






182.9 






176.4 




1 


173.6 






179.2 






161.1 






. J69.9 







li,.....- 



66 / EXCURSION 2-1 



.^6 



i 



EQUIPMENT US1 
None 



PURPOSf 

To show how two o.ther-or variables can be 
related m a contingency table 



Contingency Tables Excursion 2-2 



^This Is a ^medial -review excursion 



Walter, an ambitious student, wanted to find out something 
about ISCS students m his school. He wanted to knc^w how 
handedness .s related to eyedness. For example he wanted 
to know whether left-handed persons were usually "^Y^d, 
and whether nght-handed persons were usually nght-eyed. 
He didnn know what he might actually find. ^ 

Walter decided to use the ISCS handedness and eyedness 
tests He collected data on a rather large sample ol students. 
At first he tallied his results as sho^/n in Table 1. 



MAJOR POINTS ^ 

1 There are various ways of showing data m 

a table. ^ . 

2. A contingency table shows the depend- 
ency ot one variable on another 
3 Contingency tables are useful for showing 
the relationship between two either -or varia- 
bles. '* 



Table 1 


Group 


. Tallies 


RH-RE 


t+u r«4 t+u ti-u rt« M-iJ ^H^ nu 
rH4 rH4 THJ mi rnJ r+u mj 


RH-LE 


ma rftJ 11*1 


LH-RE 


mj mj mi rtu mi ' 1 
J 


LH-LE 









=r right-handed: LH = leH-handed; RE = right-cycd: LE = ieft-cycd 

. ■ Waltefs friend Leslie suggested that he could have used 
. a Lple Uble for recording his data. Table 2 shows he. 
^ggestion. 
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Table 2 




hycdncss 



— ^ 



nn I1M itn ifH 
114J rt44 mj liU 
114.J rm rm rm 



mj rt44 nu nu 
nil I 



riii ?iu nn 



1141 nu 11 




Once ill the; tallies were made. Waller decided that num- 
bers would look neater. So he drew a new table (Table 3). 



Table 3^ 





I 


Eyedncss 






RE 


LE 


to 


RH 


75 


14 


C 


















LH 


26 


12 


X 







' It students have worked with the genetics unit. 

. \/Vhy You re YQu.jn ISCS Level ill. they may 
.note the simiTarity between the contingency 
tables hJBre and the "Punnett square** method 
used in tnafSj^nit In^he two-bit model with two 
hybrid (mixed bit) parents, each parent con- 
tributes,one bit ot information to the ottspnng. 
The tvyo bits that each parent h^s are either- 
or-teatures. like the eyedrt^ss and handed- 
ness shown here. v:>J^ 
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* Leslie thought ii would be helpful to show some, totals in 
the table. Then yon could tell 'at a glance hpw many right- 
eyed people there were in the sample. They d^ltered the table 
again; so that it looked like Table 4. But th^y didn^t fill in 
the totals. 



□1. Q^mplete TableU in your Record 
totals. . " 



mm 



"by entering the 



□2. H6w many of ifhe persons are left-handed? i^^t- , 



Jiand^d? 



^8 



\ 



\ . 

V 



0 ' 



1 



Table 4 





tycdncss 


RH 


IF" 


Tola I 


Handedness 


RH 


75 


' 14 




l.H 


26 


12 




Total 









□ 3. I^ow many are left-eyed? right-eyed? ^ 

□4. >^hat IS the total number of students on which datsK 
were ta^cn? ^ ' \ " 

> * . 

Noticl that there are three ways t6 calculate this number. 
/ 1. Adii 75, 26, 14, aijd 12. 

\ 2. Add 38 and 89. ' ' • 

\ 3! Ad4 101 and 26. • ' . 



□5. Explain why thia three calculations shown above total, 
i^e same. > 

□6. f^UoWrng his investigation, one of Walter's friends said, 
^*A right-hahded person from our ISCS group will generally 
also be right-eyed." Would Walter be, likely to agree with 

his friend's cojnment? 

< " • ■ 

□7. Another friend of Walter's said, . "Yeah, and a left- 
footea kickei- is usually left-handed/* .W^at do you think 
Walter woulq have to say about that comment? 

The kind df table that Waher and Leslie used to record 
and study thd data is. called a connngency table. The ' word 
. contingent means **dependent upon/' In Walter's table, each 
tally made is ilependent upon two variables. ^ 



6. Yes (It probably depends on how Walter 
interprelfs the word generahy. More than 84% 
of the right-handed people were also right- 
eyed.) 



7. This may be true» t>ut none of the data 
support ^e statement. Further study (and an- 
other contingency table) would bo needed 



□f. What we e the two variaT>Ies in Wa|ltef s investigation? EXCURSION 2-2 ^^9 



\ 



ii 




9 A contingency table could be used tor 
continuously varying measures if these meas- 
ures couid be grouped For instance, suppose 
that grabbiness. normally a continuously 
varying feature, were to be related to the sex l 
of the subject The grabb*ness could be 
grouped as follows: 21-60 cm. grabby; 61- 
100 cm. not grabby After the scqres of boys 
and girls w^ tallied in these groups, it would 
be possible t6 see whether being grdbby or 
not grabby was dependent on the sex. 



Note also thai each tally can ^lo into only one category. 
Contingency tables like those arc usually used only for 
eithcr-or -variables. 

□9- Can you think of a way that a contingency table could 
be used lor continuously varying measures? 




HANDEDNESS? 
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EQUIPMENT LIST 
Nonf 



1 



Worth a Thousand 
Words . 



PURPOSE 

To leam how to make histograms and how to 
convert thoai to Ime graphs. 



Excursion 3-1 



This it a remedial excursion. 



ANSWERS TO QUESTIONS 
FROM CHAPTER 3 
3-4. 85 cm-95 cm 
3*5. 35 students 



You have probably heard the old saying, **One picture is 
worth a thousand words/* Many scientists believe a graph 
is Uke a picture. Graphs are used often throughout science 
and throughout the ISCS course. This excursion will help 
you make and interpret these pictures that are worth a thou- 
sand printed words. 
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Variable being studied * 

You have just seen a histogram (in Chapter ^) on grabbiness. 
A/ histogram is a form of bar graph. ^11 histograms look 
much Hke the one shown in Figure 1. The variable being 
stuVlied is shown along the horizont^^ ax^s. The number of 
cases, or freqftifency, is shown on the vertical axis. 4^ , 



MAJOR POINTS 

1 A graph is a pictorial way of representing 
data. 

2. A histogram is a form of bar graph. 

3. The variable being studied is shown along 
ttie horizontal axis and the number of cases 
is shown on the vertical axis. 

4. A filstogram can be converted to a line 
graph by connecting the centers of each bar 
top with a line. 



Rgure 1 



HllSTOQRAMS 
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Notice how the data in lablc I are used to make the 
histogram sh<Jwn in Figure 2. 



«0 

Q. 

Si ^ 
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4 5 6 7 8 9 10 11 
Number of peas per pod 
(the variable) 

Flgjjire 2 

The numbers are put between vertical lines 
if they are discrete numbers. If they represent 
a range of numbers, however, as In Figure 3-1 
in Chapter 3, they may be put at the vertical 
lines. 



Table 1 



Number of 


Number of Pods 


Peas per Pod 


Having These Numbers 


(the variable) 


ol Peas 


4 


, I 


5 


2 


6 


2 


7 


3 


8 


4 


9 


3 


10 


2 


11 


1 



Perhaps the position of the numbers along the horizontal 
axis bothered you. They are between vertical lines. If they 
were placed at the lines, you would have trouble knowing 
which bar they identified 

Histograms such as the one in Figure 2 are very useful. 
However, it is usually niore convenient to .draw a line graph* 
Your histogram can be converted to a line graph rather 
easily. ' 



ur» 3 



/ 
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5 6 7 8 9 

Number of peas per pod 



10 11 



. ^2 



.Apt' 



4 



Connecting the centers of each bar top with a hnc pro- 
duces a continuous graph. 



□ 1- In Figure 4 of your Record Book, sketch the hne graphs 
that would represent the data in each histogram. 



Figure 4 




^3 



Before going back to tjie chapter, try your hand at one 
othci set ofi^ala Label the axes of Mgurc 5 in your Record. 
Bdok. 1 hen sketch the histogram based on the data given in 
Table 2. Then complete the line graph for th? data. 




Tibbie 







w ' — 


Number of Pupils 


Number of A's 


with this 


on the Report Lard 


Many A's 


0 


2 


1 


6 


2 


8 


3 


7 


4 




5 


mm ^ 


6 




7 

i — ■ ■ ■ — ■ — 





Figure 5 



The advantage of a histogram for discrete 
. numbers is illustrated in the plotting of Figure 
5. The exact number of pupils getting a par- 
ticular nurnber of A s is readily reada|>!e. Note 
th%t wben therlind graph js completed for the 
data, the line starts at 2, not at zero. 
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EOUiPMtNT LIST 

1 protrrtctor 
1 metric ruler 



Angles and Protractol^s 



PURPOSF , 

To show the measurement and c6nstruction 
ol angles, using a protractor 



Excursion 4-1 



This is a renf>edial excursion 



Whenever two lines meet, an angle is formed. We call the 
meeting point of the lines the vertex of the angle (Figure 
I). When two lines meet to form a square corner, we call 
the corner right angle (f igure 2). 




Vertex 



□ 1. List a few examples of right angles that you can observe 
in your classroom. 

Notice that curved, lines are used to show the spread of 
angles in Figures 1 and 2. Curved lines are often used to 
identify tl^e angle that is of interest. Notice how the curved - 
hnes are used in Figure 3. 



MAJOR POINTS 

1. VUhen two lines rrjeet. an angle is formed 

2. The meeting point of the lines is called the 
veftex 

3 When two lines form a square corner, it is 
called a right angle 

4. A part of a circle is called an arc 

5. Angles are measured in decrees: alright 
angle contains 90 degrees 

6. A protractor is used to measure angles 
7 The midpoint of the straigh:^ edge of a pro- 
tractor IS called the reference point. 



Figure 2 



Figure 4 



The curved lines shown in I igures 1, 2, and 3 are all small 
pans of large circles. Such parts of circles are called arcs 
Cucles are measured by dividing them into 360 equal parts 
callc'd degrees. The arc lor a right angle, for example, is one 
fourth of a total circle,. so it contains 90 degrees. For this 
reason a right angle is said to be a 90-degree angle (Figure 
4). The symbol for **degree'' is \ I hus, a 90-degree angle 
IS written 90*". ,^ 



-rlO 



I 

-t- 
I 
I 



Possibly your students have protractors that 
^are svibstantially different from the one de- 
scribed on these pages. A bommon type is 
one thfiif. has the degree scales ftjoning both 
ways. If this is the case, you might have to 
spend little time in explaining the use of 
another :KiQ0. or adapting the activities to It 



Students should note that the reference, point 
and the marks .for 0** and 180**^ may not be 
located on the straight edge of the protraictor, 
but instead may be s6t in a^out a mm^ on a 
ruled line. It is this line that shoOld be placed 
pver the edge of the an{)le thdt is to be mea»- 
urAd. 

" Figure 5 



A protractor is used to measure angles (Figure 5). One 
edge of this instrument is a half-circle arc that i^ divided 
into degrees- The other edge is straight. 




Reference point 



,76 EXCURSION 4-1 



The straight edge is a diameter of^lhtr'cifcle. Its midpoint 
is the center of the circle.'^^his mfi^pmrit is calledMh(fe refer- 
jence point of the protmQtOT. 



^6 



□2. How niany degrees are shown on your protractor'^ 



Figure 6 shows how the proti actor is positioned in meas- 
uring the size of an angle. Note that the straight edge o( 
the protractor sht^uld be set along one of the lines th;^ make 
up the angle. The vertex of the angle must be at the reference 
point of the protractor. 









Vertex of ' \ 




^ angle at • — i 




reference point ^ i 



II the protractor has the doe set \\\ as noted 
previously, it is this line, and not the edge of 
the protractor, that should be set over one of 
the Unes that raake up the angle. 



Rgure 6 



3 30** 



□3. According to the protractor, how many degrees are in MEASURING ANGLES 
the angle shown in Figure 6? 



Now here is an angle for you to measure with your own 
protractor x ^ 

Figure 7 




ACTIVITY 1. Set the protractor over the angle, as shown. 





\ Vertex at 

^ reference point 
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ACTIVITY 2. Note whore the other tide of the angle passes 
through the scale. 



Students may need hftlp In measMrIng some 
of these angles. If the protractor^ they are 
using have only one scale, It probably rurm 
from 0** on the lef^ to 180^ on the right, as 
shown in Figure 6. This rrlekns that to meas- 
ure angle a, the protractor^hould l>e placed 
with the reference point on the vertex and the 
zero point on the line that runs upward. The 
same is true for angles b and c. Angles d and 
^ can be measured several different vyays. 
The angle less than 180*" could be measured, 
and this amount subtracted from 360**. Or one 
of the lines coald be^ extended through the 
vertex, the acute angle (angle less than 90**) 
measured, and this amount added to ISC. 




□4. How many degrees, are in the angle in Figure 7? 4.43^ 

Nov/ use your protractor and measure the angles showi 
in Figure 8. Measure to the nearest whole degree. Recx)ra 
your measurements in Table I of your Record Book. Then 
have your teacher check your measurements (or check thcto 
with several of your classmates). Be sure you know how to 
use a protractor correctly before going on. 



\ 



I 

Table 1 



Figure 8 


Angle Size 


a 




b 




c 




d 




e 





TaWe 1. • =^ 60^ b ^ 19'\ c 120^ 
7= 2b^°, • - 245"*. Note that th8 student ts 
told to have you check the measurements or 
to check them with several classrn^tes • 



Now try your hand at constructing angles. You will need the 
protractor and a straightedge. 

•* 

□5. In the space provided in your Record Book, construct 
a fSS'^angle. (If you need help, refer to Activity 3.) 



CONSTRUCTING ANGLES 



ACTIVITY 3, 

a. Draw a line. 

b. Place yo|ir protractor on 
ttia line. Mark the refer- 
ence point on the line. 
This will be the angl^ 
vertex* 



c Mark a second point at 
ttie 65^ line of the pro- 
tracton 



Connect the vertex |md 
the second point. The 
shaded arda Indicates 
, the 65"" angle. 
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\ 



Note that the student is told to have yoCi check 
the angles that were constructed, or com- 
pare them with those produced l)y class- 
mates. ^ 



1716. In the space in your Record Book, construct the follow- 
ing angles: 72", 30\ 115°. Have your teacher check your 
drawings, or compare them with those produced by your 
classmates. 



/ 1 
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EOUIPMENT LIST 

2 sticks* ' 

2 clothespins 

1 Index caid (a** x 5") 

1 Index card (4" x 6") 

1 pair of scissors 

Colored construction paper 

Depth Perception 

*The 2 Sticks are to be supplied locally They 
shoufU be about 10 cm long. They may t>e 
smooth pencils, pieces of soda straws, wood 
splints, popsicle sticks, or (optimumly) wood 
dowels jcm or less in diameter. Straight 
places cut from a wire coat hanger would 
work, with tape or cardboard to hold them in 
the clothespin. 



This is an extension excursion. 

If you have poor depth perception, you will never make it ^ 
as a passing quarterback or a receiving end in football: Here 
is your chance to measure your own depth perception. 

Find a partnec to work with. Each of you will do the 
experiment twice with the right eye open, twice with the left 
eye open, and twice with both eyes open. Recprd your own 
data only (not your partner^s) in Table 1 in your Record , 
Book- 

You will need these materials: 

2 sticks 

2 clothespins 

1 index card (about 3'' x 5") 
1 index card (^" x 7") 

1 pair of scissors 

2 or 3 sheets of colored construction paper 



J^URPOSE 

To investigate depth perception. 



Excursion 4-2 




MAJOR POINTS 

1. Depth perception can t>e operationally de- 
fined. 

2. Depth percet>tton is an important feature in 
the modem world. 

3. Many variables can affect depth percep- 
tion. 




ACTIVITY 1. Fold the 3'' x 5'' Index card lengthwise. Then 
cut e elit 1-cm wide* as shown. We'll can this slitted card a 

t^^t^i. it 

ViVii VI • 
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StMClents may be interested to know that this 
test Tor depth perception is very similar to the 
one used in examination for a pilot s license 
The apparatus used consists of a box tft which 
the twa sticks slide on tracks Trie subject 
views the centers of the sticks from a distance 
in front, and has cords in his hands connected 
to one stick so that by pullfng on one cord 
or the other, the stick can be moved forward 
or back until it seems to line up with the sec- 
ond stick. The distance that the two are apart# 
can be read from a scale inside the box. A 
score above a certain amount may disqualify 
a subject for a license to pilot an ai(craft. 




ACTIVITY 2. Use the unlined side of the 5" x 7" Index card- 
as a background. Place one clothespin and one stick 40-50 
cm In front of the card. Label the clothespin "A/' 

stack of books 
or other support 




6"x7 
index card 



ACTIVITY 3. Place-the second clothespin, and the other stick 
near the 5" x 7" card. Label this second clothespin "B." The 
two sticks should be on imaginary lines about 5 cm apart 




It is extremely importdnt that the subject be 
able to see only the^ middle of the sticks. 
Therefore the viewlhg card will have to be 
held some distance from the eyes With the 
distances given in' the activities, the slit vtfill 
probably have to be about 50 cm in front of 
the eyes Also, if the sticks are on the table- 
top, the subject should sit or kneel so that the 
eye level is aboi^ the same as the sticksx The 
brain searches , for clues to depth, and any 
difference in shape, size, texture. c6lor, or 
angle of the sticky m^y furnish these clues 
and negate th0 depth-perception test. 



ACTIVITY 4, Stand about 2 m from stick A. View both sticks 
through the slit, using only one eye. When you do the experi- 
ment, you will be expected to see only the middle of the 
sticks. Be sure you can do this« You should not hold the slit 
so that you seeeither the tops of the sticks or th^ clothesplmi. 




82 EXCURSION 4-2 



Not this 




ACTIVITY 5. Stand abbut Z^elers from stick A. You should 
view the sticks as in Activity 4. Stick B should be in front 
of the white background. Your partner Is to slowly move s|ick 
B forward toward A. When you thirik the two sticks are along- 
side each other, say **Stop/* Then measure the distance be- 
tween A and B and record it in Table 1 of your Record Book. 



T^]e cJjr.tonce between A and B inust bo meas 
ured in a straight line away trom the eyes. 






Do Activity 5 twice for each eye alone and twice for both 
eyes together. Then have your partner switch placets with 





you. 
Table 1 ^ 






4 


4 


• 


DISTANCE BETWEEN A AND B 
(in cm) * 


• 

1 


Eye(s) 


Tri^I 1 


Trial 2 


Average 


1 


Right o^y 




■V 




f 

i 


Left only 


V— 






i 

\ 


Both eyes 





































A 












Measure 

this dtotancA. v 


* ^^^^^^^ 



■ i 



03 



The scores with both eyes open should be 
significantly better (lower numbers) than with 
either eye separately. Anyone who^has ever 
tried to thread a needle with one eye closed 
can attest to this. Stereoscopic (two-eye) vi- 
sion Is one of the clues ^at the brain uses to 
judge depth. 
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1 - The student should tell how depth percep 
tion was measured in t^ie activities 



Encourage students who are interested to try 
further activities on depth perce^tibnt. Colored 
construction paper etfh Jbe used in several 
different ways to vary the experiment. A, pos- 
sil^'investigatton bt the effect of cotor mrght ' 
be to use a polored background and sticks of 
the same or contrasting colors. 



Based on this activiiy, how would you operationally 
define Jepih perception? 

r]2. You are driving a car, at high speed in daylight. You 
»,approach a slow-moving tractor m the road ahead of yoxL 
.Why are you more likcJy to have a rc4ir-cnd collision with 
the tractor if your depth perdfeption is poor? ^ 

□3^ Many animals, such as horses, cows, rabbits, and birds, 
have eyes in the sides of their head- Others, such as men 
.and monkeys, ^have eyes in the tront of their head. According 
to your data, why is it an advantage to have both eyes in 
front rather than one on each side of the head? 

* 

Many variables can affect depth perception. If the sticks 
are no^found, they can l>e turned so that ihf^y.are viewed 
edge-on instead of broadside. The sticks may also be colored. 
The background color and/or pattern may also be colored 
(use construction paper). Rather than sticks, objects of dif- 
ferent shapes and sizes might be used. You may also wish 
to vary the viewer's distance from the sticks. 

Perhaps you'd hke to study the effects of one or more of 
these variables on depth perception; If so, record your cXper- 
imejjts, findings, and conclusions in your Record Book. 
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EQUIPMENT LIST ^ 

1 inkili^!^istnp pad 

1 sheet of unlined white paper 

Paper towels 

No Two Alike 



This is an extension excurjiion 



PURPOSF, 

To afford the opportunity for students to make 
and study their fingerprints. 



Excursioh 4-3 



NOTE: 

Paper and pftper to%vels are l<M:al supply 
Items, Stamp pads (6) are supplied uninked 

In the kit. together with a 2-oz tubb of finger- — « 

print Ink- The pads should be ink^d ahead of 
time by you or by responsible student assist- 
ants. Use the Ink sparingly, too much ink on * ^ 
the pad* will be messy and will give blots in- 
stead of fingerprints. . 

Fingerprinting has long been accepted as a way of identifying 
people. No two individuals, not even "identical" twins, have 
exactly the same fingerprints. Thus, fingerprints are among 
the most variable of all human features. Hold your thumbs 
up in front of you and look carefully at the print patterns. 
Use a hand lens if necessary. ^ 

□1, Do your thumbs have identical print patterns? 

Vou can get a clearer picture of your thumbprints by 
making an inked impression. To do this, you will need these 
materials: 

1 inked stamp pad 

1 sheet of unlined white paper 

Several paper towels ^ 

Study the following activities to leam how to make a 
••rolled impression/* You should get clear prints by using this 
procedure. . 




MAJOR POINTS 

1 No two Individuals are known to have 
identical fingerprints. 

2- A simple procedure allows students to 

make their own prints^ 

3, Fingerprint^ can be classified into four of 

the basic categories and a compound cate- 

gory. 



V 



Left 
thumb 



ACTIVITY n Place the white paper at the edge of a tab)^. 
Divide the edge of the paper with four lines and write/left 
thumb** In the space, as shown. ^ 

Caution Be i^ery careful with your inked fingers. Have paper 
lowets ready to wipe your fingers when you are through. 




/ 



ACTIVITY 2. Place the Ink pad at the edge of a table/ Place 
the side of your finger on the ink pad. Roll your finger llBlrtly 
until it rests on the opposite side. 



Edge 
of table 




C 



Very obviously, this can be a mossy activity, 
but It doesn't have to be. Have paper towels 
available, and insist on prompt cleanup after 
each operation. Fingerprints on books can b§ 
rather durable. 



ACTIVITY 3. Make one roll of each finger of the left hand In 
each of the divided areas on the paper. this by rolling the 
finger once from one edge of the finger to the opposite edge, 
as shown. Ihimediately lift the finger and wipe clean before 
doing the next finger. 




$ : 




' •■■ ' v.. 

Clean your hands before doing the next activity. 

ACTIVITY 4. Wrn the paper to the opposite edgft. Dlvld# the 
edge of the paper with four lines and write "right thumb*' 
the divided section, thowni 



over 



\ ■ 
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Repeat Activity 5 witb the right hand. Then examine and 
compare all your-prmts. . ^ 

The fact that no two prints are ahke presehts a very cha^- 
lengiilg problem in measurement and classification. Figure 
1 illustrates four of the basic categories of prints used by 
the Federal Bureau of Investigation (FBI)/ Also shown is a 
.compound print that Combines characteristics of several of 
the basic categoriei^ ♦ • - 



/ The tour ballc types shown here are probably 
commonest FOi more complete classi- 
UpaXlo^i^ there are tour more basic types used, 
r^akm^ a total of eight The tour not shown 
^and (Jienerally not needrf(J by the students) 
.'are the ulnar loop, central pocket loop, dou- 
ble l<^op (similar to the compound shown). 

/ and accidental. 





Plain arch 



Tented arch / 



Loop 




Plain wtiorl 



Compound 



^ The^akin has a remarkable ability to regener- ^ 

* ate Itself; The fingertips, for instance, may be ;^ 

severely ln]ur)gd. but the prints will t>e restored / * 
by1|e body, to their original basic pattern. ' ^ 

Compare each of your prints with the patterns in Figure ^ 
1, wAtihg the print pattern l^idfe each one. Then use Figure 
-2 to identify the prints you made as LT, LU L2, etc. 



Figure 1^ 
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Figure 2 




Complete Table 1 in your Record by writing the 

name of the appropriate print pattern in the space provided. 



Table 1 



PRIMT PATTERN FOR ^ACH FINGER 





Thumb 


! 




3 


4 


• 

Right hand 












Left hand 






« 







2. Several i»houtd pe ih the same category. If 
the students use four (or live) b^slp types for 
ten digits, tfien there must be repeatpT. How- 
ever^ this stilUlpesnt make any two iOenticaL 
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□2. Which, if . any, of your fingers (Including thumb) had 
prints in the saOme category? ' 

' 03. jExamine the prints^ of one of your classmates. Classify 
them accordigg to the four basic (Tategories. See if your 
classification agrees with that of their qwncr. • 

J 04. When "yotf classify fingerprints, are you measuring 
them? " ' • 



EQUIPMENT LIST 



This is s yeoeraMnterost and extension ex- 
cursinn. " 



Sampling Populations 



PURPOSE 

To show various sampling techniques that can 
be usad in gathering data. 



Excursion 5-1 

ii 




Sampling a population is a litilo like sampling candy. You 
don^t have to eat all the candy in the bag to get an idea 
of what it tastes like. When people who study human popu- 
latioDiS (demographers) want the answer to some question, 
they don*t have to ask every person in the United States, 
or Africa^ or China! They pick a sample of people to answer 
the question^ Television ne^orks, when checking the popu- 
larity of their programs, doYi't call or write each person in 
the United States to find, out which programs they watch* 
They have people skilled in sampling find out for them. 

O^e major television sampling company is the A. C. 
Nielsen Co. of Chicago. Soon after the oew television pro-' 
grams begin in the fall, the Nielsen ratings are releascfd. 
Dedsions are then made by the networks as to which pro- 
grams will be dropped or what caji be done to make a show 
more popular. These decisions are very important Millions 
of dollars of advertising depend on the popularity of a show. 

The Nielsen Company uses only 1,190 houseljolds in rat- 
ing television programs! Eased on the viewing habits of 1,190 
households, decisions are made that affect what television 
programs* you will watph. How can the Nidsen Company 
Be sure that this small sample represents the viewing habits, 
of 200,000,000 Anaericans? Some work you did earlier may 
give yo^ an idea. * _ * ' ^ i09 



' MAJOR POINTS 

1. By sampling populations in the correot 
manner, answers to Questi&ns can be found 
without Interrogating the entire popufatlon. 

2. A large sampie of a population wouicT give 
a smooth graph, called a normal curve, for the. 
data on some continuously varying trait, 

3. ft is Important |hat the sample taken repre- 
sents a cross section of the whole population. 

4. Increasing the size of a sample increases 
the chances of getting a representative group. 

5. A random sample Is one th^t iii selected 
by pure chance^without bias. 

You might have a student in your class whose 
household has been surveyed t>y Nielsen or 
another rating company, and who could re-^ 
port on the experience to the class. ^ 
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NORMAL CURVES 



( 

\ . 
Earlier in^ this unit you sampled the population of your 

classroom to get an idea ol the variability of people's weight. 

Suppose you had taken a very large sample of the lotal 

school population and then made a data graph. The graph 

probably would have looked like the mounta^-shaped 

graphs you drew for Chapter 4/ only smoother. 1 he shape 

of the graph would have been much like the shape of the 

graph in Figure 1. 



^1 




Figure 1 



Weight 



Student grades on a test, or for a course, may 
form a normal curve when graphed. Thus 
educators have used. In varying amounts, the 
normal distribution In assigning grades, A 
smilH number of Students who fall in the ex-^ 
tremes df the curve get A's and F's; a larger 
number toward tHfe certter receive B's and 
D's; the large center section carries a grade* 
ofC. 
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Scientists have given a name to a data-sample graph that 
is high in the middie and low on the two ends. A mountain- 
shaped curve of the sort shown in Figure 1 is said/,to be a 
normal curve. * 

Measures of most continuously varying human traits, when 
graphed, give a normal curve. Thus, if the shape of a' data- 
sample graph is a normal curve, then the sample is consid- 
ered to represent the total population. Judgments can then 
be made about the popul^ilion on the b^is of what is known 
about the sample. 

The l,1907member sample used by the Nielsen Compafay 
gives a normal curve when graphed. Th]js, it is judged to 
be a good representation of the total TV viewing population. 
The sample represents all kinds of households: the most 
typical households and the not so typical (Figure 2). 



no 




< . Different 

kinds of 
households 

/' ■ ■ / 

□1. What factors would put households into the Most Typi- . 

cal group? How would these factors affect TV viewing habits? 

□2. What factors can you think of that would put house-^ 
holds into the Uni^sual group? How would these factors 
affect TV viewing habits? 



Rgure 2 



A typical viewing household might be made 
up of 2 parents who are young to middle- 
aged. 2 to 3 children, average income 
bracket. 1 to 2 cars. Any large departures 
from this typical group (single, very old. child- 
less, very rich or poor, etc) ^ould move the 
household toward the Unusual group. 



Assume that you are the captain of a spacesliip from Planet 
X of another solar system. You have come to Ea^h to capture 
five Earthlings. You and your hunters have never seen an 
Earthling. On a quiet afternoon your hunting party enters 
a large building with a smooth wooden floor and a hooped 
net hanging at either end. Quickly you capture five tall crea- 
t\ircs. ' 

Upon retumipig to your spaceship, you report to Planet 
X headquarters: **Have captured five Earthlings. All Earth- 
lings are animals ranging in heighf"from 6'6'' to T3'\ They 
have black skin, do very funny tricks with bouncing spheres^^ 
;and wear very lit^ clothing. On their clothing are symbols 
that look like this: HARLEM GLOBETROTTERS/* 

It would be rather obvidus to other Earthlings that your 
sample did not represent all the population of Earth* Instead, 
your sample was; taken from one end of a normal curve. 

□3. Look at Figure 3., The curve represents the height of 
humans in the United States in 1972. At which end of the 
ciirve would the basketball players be? 



TAKING A SAMPLE- A PROBLEM 



Figure. 3 




Incraastng 
heifllit 




A related, but perhaps Jmpossible. question 
would be. "If you could only bring back five 
' people for a representative sample of all tf)e 
people 09 Xtte . earth, what five would you 
choose?" The factor that might make ttie 
question impossible is the number 5 Wfien 
yotj consider the tremendous variation of 
humfins (the subjept of the unit), there prol>a- 
bly is some number t)elow which you cannot 
expect the sample to be representative. 



□4. Whai could you do, iis captain ol the spaceship, to get 
a more representative sample ol humans to take back to 
Planclr^? 

In your answer to question 4. you might have suggested 
that you should bring back a larger sample. By bringing back 
50 or 500 people msiead of five people, you would increase 
the chances of coUeciin^ a girl, which would certainly alter 
your definition of humans. Also, the chances of selecting 
short people, whites, Indians, childr<^n, the elderly, etc., in- 
creases with the increase iTi the number of people captured. 

Another: suggestion that you might have made is that you 
should collect humans from several places in the world. This 
would give you a much better chance of representing the 
wide variety among humans, 

Qne suggestion that you probably did not make is that 
the sample should have been a random sample. Perhaps you 
don't know what a random sample is. 



RANDOM SAMPUNd 



When one considers the human factors in- 
volved in personal choice of a sample, and 
the biases and proludlces that can enter into 
the problem. It probably is true that" the only 
good method of sampling is the random 
method. . 
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Random sampling means "selection without bias.** Selection 
without Mas in turn means that all members of a population 
have an equal chance of being selected as part of the sample. 
A Planet X hunting team landing in Alaska would have a 
greater thance of capturing Eskimos than of capturing 
Europeans. Therefore, such a sample would be biased and 
not random. 

T^e another example. Suppose, for instance, you wanted 
to make a histogram of people*s weights. Without realizing 
it, you arc attracted to heavier people. Because of this, you 
unconsciously select the sixteen heaviest people in your class 
as the sample to make your histogram. This would be biased 
data.* The skinny members of your class did not have an 
equal chance with the heavy ones of being selected as part 
of the sample representing the class populatjon. 

□5. What could you do to avoid the effect of this uncon- 
scious bias on your sample selection? ^ 

Random sampling and selection is very important This 
procedure is used for selecting draftees into the armed 
service. In such a: case every young man should be ensured 
of having an equal chance of selection. He isn*t likely to want 



.to have a better chance than si>mcone else of being selected. 

Professional samplers use many techniques in making se- 
lections and in getting representative samples. Whatever 
procedure they use to sample a population, it must include 
the followmg, 

L -A camplete dtscription of the population from which 
the sample is taken (kinds of individuals; where and 
when selectee^) 

2. An appropriate sample size to give a good cross section 
of the population 

3. A randomly selected sample 

As you investigate the questions raised in the problem 
breaks in Chapter 5, remember the importance of sampling,^ 
In each case you will be asked to make judgments about 
populations. To make these judgments, you will have to work 
with samples of these populations. Be sure to do a good job 
of getting a representative sample. 



If you are planning to evaluSite how good a 
job your students do on the problem breaks 
in Chapter 5, these. three poults list^ here 
can serve as an excellent guide In oth?r 
words, you can ask 'Did the student consider 
the total population in taking his sample, did 
he select a sample of enough indiv^ifuals. and 
did he select it randomly? * 




PLANET X 
MUSEUM : 

EARTH 

(random sampling) 
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